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Hewlett-Packard: 
A Leader in Components 


A Brief Sketch 


For over 25 years, Hewlett- 
Packard's Components Group 
has developed reliable, high 
performance optoelectronic and 
microwave components. 
Recognized for technological 
advances, setting world — 
standards, and providing high- 
quality products, the | 
Components Group has become 
a leader in the markets it 
serves, such as the computer, 
telecommunication, automotive 
and military/aerospace markets. 


The products of the Components 
Group are vertically integrated, 
from the growing of LED 
crystals, to the development of 
the various on-board integrated 
circuits, to package design. 
Vertical integration ensures 
that HP quality is maintained 
throughout product development 
and manufacturing. 


Over 5000 employees are © 
dedicated to HP Components, 
including a worldwide sales 
force. Manufacturing facilities 
are located in Malaysia and 
Singapore with factory and 
marketing support in San Jose, 
California. Marketing operations 
are also located in Germany, 
Singapore, and Japan. 


Each field sales office is staffed 
with engineers trained to 
provide technical assistance. : 
An extensive communications 
network links field with factory 
to assure that each customer 
can quickly obtain the informa- 
tion and help needed. 


Quality and Reliability 
Quality and reliability are very 
important concepts to Hewlett- 
Packard in maintaining the 
commitment to product 
performance. 


At Hewlett-Packard, quality is 
integral to product develop- 
ment, manufacturing, and final 
introduction. "Parts per 
million" (PPM), as a measure 
of quality, is used in HP's 
definition of product assurance. 
And HP's commitment to 
quality means that there is a 
continuous process of improve- 
ment and tightening of quality. 
standards. Manufacturing 
quality circles and quality 
testing programs are 
important ingredients in HP 
products. 
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Reliability testing is also 
required for the introduction of 
new HP components. Lifespan 
calculations in "mean-time- 
between-failure" (MTBF) terms 
are published and available as 
reliability data sheets. HP's 
stringent reliability testing 
assures long component lifetimes 
and consistent product 
performance. 





About This Catalog 


To help you choose and design © 
with Hewlett-Packard optoelec- 
tronic components, this catalog 
includes detailed specifications 
for HP component products. The 
catalog is divided into nine 
sections: 


1. Motion Sensing and Encoder 
Products 

2. LED Light Bars and Bar 
Graph Arrays 

3, LED Lamps 

4, LED Displays 

5. Fiber Optics 

6. Optocouplers 

7. Electrophotographic Products 

8. Applications 

9. Appendix 


How to Find the Right 
Information 


¢ The Table of Contents (p. iii) 


helps you to locate the 

- product sections as well as 
the selection guides for each 
of the product sections. 


¢ An alphanumeric index 
(p. iv) lists every component 
represented in this catalog. 


¢ Selection guides at the 
beginning of each of the 
seven product sections, 
contain basic product 
specifications which allows 
you to quickly select 

products most suitable for 

your application. 


Following the product sections 
is a complete listing of applica- 
tion bulletins and notes which 
are frequently useful as design 
aids. The final section is an 
appendix containing HP sales, 
service, and authorized 
distributor locations. 





How to Order 


To order any component in this 
catalog or additional applications 
information, call the HP office | 
nearest you and ask for a 
Components representative. A 
complete listing of the U.S. sales 
offices is on page 9-7; offices 
located outside of the U. S. are 
listed on page 9-8. 


A oni listing of HP 
authorized distributors is on 
page 9-3. These distributors can 
offer off-the-shelf delivery for 
most HP components. 


If you need technical assistance, 
please call our Customer = 
Information Center at 
1-800-752-0900. 
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SOS 2: FAVA iin sicisastaasenaaiwii siassshaws orice ieasieee een toadntecss 4-13 
DOSS AES ies ssp slicers sir vscomnadovsunvan ti atea anton verives 4-13 
DOB 22 (GSS soiled aie crspoeas shaun tcalansousveaucccevnane seewscenes 4-13 
DOB 291 SSS cee e tapi aiddisecdieie wtubeienteyecaddsdatatanateiters 4-13 
062A TIAN scssstcestwassasatec acess cts cavassdaaaseunebatendeuauesacnesseds 
DOS Se FAAS i sien eetane assets ene canteen areas : 
DOS 2-76 lO eocsececetea Naty tb eeiiteceie ts Metwsends eat 4-105 
5082-7610, OPT S01, SO2 uo... ee ceseteeseseeeeeeees 4-11 
DOB 221 OW ssesesereeuse cle cccea son cancescsts pocanseuesenaseesteas 4-105 
5082-7611, OPT S01, S02 oe ceceseteeceseeeeeee 4-11 


*Not recommended for new design; contact your local Sales Representative for further information (see Section 9). 
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SOG2-761 3 ssiieceviscsaseterssy weap lawAreiderisicearemeeion 4-105 


5082-7613, OPT S01, S02 ...csccssssssssesssssesseessesseees 4-11 
5082-7616 ocessesvicitucstnveactavtensnsamveversernsunsucsten 4-105 
5082-7616, OPT S01, S02 ....sscssssesseeesees ee 4-11 
GOB2-7620 -csacssscsqccsestessrsesocesbesssvesessresenveseersaciacss4-105. * 
101s 7/5022 ae eR ee Oe 4-105 
BO82-(625 aise te ce soa eacieenasy estoncuiesls 4-105. 
B08 2271626 erecrciclisctnnaceitrcc asin acdetsee, ihidtande105 
5082-7650 u.cssscesssssssssseesseessseeees ie ieateh tense 4-105 
5082-7650, OPT S01, SO2 ..cccssessssssssssessssesssessessees 4-11. 
5082-7654 ..n.ssesccssssesssessseeesses Rene Tee [01s 
5081-7651, OPT S01, S02... eee eT 
LETS AAT] so a Oa 4-105 
5082-7653, OPT S01, S02... ere =) 
10): ya «ne 4-105 
5082-7656, OPT S01, SO2 ....essceesssessessseesseesseeen 41 
5082-7660 ............. Palast couse seach lita then nat 4-105 
SOG 257 CO Meee. sseh cal ced ht dsbshotineuptdectcutetosectieends 4-105 
5082-1660 sx sical hain iat la vicasmdecnraaineedOS 
5082-7663, OPT S20 w.eeceesccsssessesssssssssensesseesiseaees 4-11 
5082-7663, OPT S01, S02... pee S| ore 
BOSD 16 CG re iiss dectiaycatsapearcns echoed onavede 4-105 
5082-7666 OPT S20 u.esscescssssssessssesssssseesseessessseesee 4-11. 
5082277190 witenccts tei eek ta Ge ee 4-105 
5082-7730, OPT S01, SO2 ....cescssssessssesssessseesseeseees 4-11 
(6): EF 7} ee on Oe Oe 4-105 
5082-7731, OPT S01, SO2 ...cesceessesssssssssssseesseeseees 4-11 
O82 7106 srccivescseccrtsdissancaoset spine nasenaes 4-105 
5082-7736, OPT S01, SO2....cceescessssessssesesseeesees 4-11 
508227 140 snie cease oasis tesa ionneass 4-105 
5082-7740, OPT S01, S02 ...cescssscsscssessseseessseeseees 4-11 
5082-7750) ain icecachisuncattnciennniewe 4-105 
5082-7750, OPT S01, SO2....cesccssssssssesssessseesseeseees 4-11 
BOB 227151 ed earectisciomiceeitenrel ae leceenvah miacucees 4-105 
5082-7751, OPT S01, SO2 ...c.cccescsessesssesssesseesseesees 4 
500227706 ova cssndomiicvencstitnditeads iecteaied 4-105. 
5082-7756, OPT S01, S02 ...c.cceescsessessescsesssessseseees 4-11 
O82 7100 noaiecsrasuieacs es ores rods sane areee 4-105 
5082-7760, OPT S01, S02... sesceccsessseesssteseesseeseees 4-11 
5962-B767901 EC ooo. ecsessccssssesssssseesstesssesseeesees 6-298 
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5962-8876801PC oo... eccsessseeesen ee ne 6-222 
5962-8876901PC 0... eceeseeeeee ran er ae 
5962-8947701 PC oo.coasccccsesesssssssssssssscssssssseeessees 6-290 
5962-8957001PC ooo. esecsssesssssesssssssesesessssees 18-236 
5962-8957101PC oo. cscssesesssssesssssssetessssnsesesen 6-236 
5962-89571022A oon..scceecccssesesssssessssssseeesssssseesesen 6-236 
5962-8957201 EC oo... scccssesecssssesssssssesssssssteesseen 6-265 
5962-B97B501PC ooo. cccccesssssesssssessssssseessssesssses 8-280 
5962-89785022A oon... cccsssessssessssssseeseeeee veveess 6-280. 
5962-8981001PC............ es esssssessssssaseseessiees 6-280 
ON atte She enters nannies 6-251 
GNI S4IKY sects aetna 6-251 
GN1SATXVB oocceccscsssccssesscsssseesssssssssssssseessssnsseeeee 6-251 
GN134/883B occ eccecseccsccsesssssssecessssscesesssssessssnnseseee 6-251 
BNI 95 tere tanita case cision eatin anette 6-80 
6N195, OPT 020. iisiish cnet 6-191 
GN135, OPT 100, 300 .......sccesssssescsssssescsssseeesessees 6-193 
GNISG oot hen emi aennins. Ta ateinds aee 6-80 
GN136, OPT 020 ..ocescsseccsssssessssssessssssseessssssseeen 6-191 
6GN136, OPT 100, 300 ......scecescsssesssssssesessssnseessen 6-193 
BNI Oi tat racer eee 6-53 
6N137, OPT 020 vive esccscescssssscsssssetsssssseuescssseeee 6-191. 
6N137, OPT 100, 300 ......sssesssesscsssssessssssseeesssee 6-193 
BIN Siirciaan ticdicateacens atiaea tates 6-107 
6N138, OPT 020 ooo cesscsessssssseccsssssesssssssstsessssueees 6-191 
6N138, OPT 100, 300 ......eessssescssssssessssseeieeen 6-283 
GNI90 sicdiiterscuicintt ba hieeti nit eloms ce 6-107 
BN199) OPT 20 eccctdcctiata ncacsdanwhnians 6-191 
6N139, OPT 100, 300 ......ccseessssssscsssssesesssssseees 6-193 
GN VAOA ss sssessesssscscsssessvssssnccuseonasiess bree at O27 
6BN140A/B83B oo... ccssssesssssssesssssessssssssesssssssesesen 6-273 
GN I40IKV eis eect ec ind 6-273 
BNIAOTXVB oxic aceicstenc hats aaeetcthcoescctts: vee 6-273 
BIOQBOIEG Sask ataseaiute cette: 6-251. 
BO02AO1EG cartes decane ndtaninudanatemaund 6-273 
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87019Y01 (HLMP-Z740) ..00.. 2. eee ccsteeeeeeeeceeeees 3-134 





Motion Sensing and Control 


Motion Sensing and. 
Control 

Hewlett-Packard’s growing - 
family of motion sensing and ~ 
control products developed:as 
an extension of our emitter/ 


detector systems capabilities. 
Motion sensing products include 


optical shaft encoders and 
optical encoder modules for 
closed-loop servo applications, _ 
and rotary pulse generators for 
manual input applications. HP’s 
optical products provide a 
digital link converting 
mechanical shaft rotation into 
TTL logic level signals. HP’s 
motion control ICs complement 
the optical products and greatly 
simplify the design of digital | 
motion control systems. 


Our HEDS-9000, HEDS-9100, 
HEDS-9200, and HEDS-9700 © 
series optical encoder modules 
provide sophisticated motion . | 


detection at a low price, making © 


them ideal for high volume | 
applications such as printer, 
plotters, and industrial 
automation equipment. The 
_HEDS-9000 and HEDS-9100. 
are now available in three 
channel versions, the HEDS- 
9040 and 9140, which provide a 
third channel index pulse in 


addition to the standard two 


_ channel outputs. The HEDS- 


9200 series linear encoder ~ 


- module uses the same emitter/ 


detector technology as the 
HEDS-9000 to sense linear — 
position. The HEDS-9700 


comes in a super small, wave __ 


solderable package with a 
variety of HoanGne options. 


The HEDS- 5500 and HEDS- 
5600 series are complete, quick 
assembly, low cost optical shaft 
encoders. No adhesives or last 


minute adjustments are 

- necessary for assembly. In | 
addition, the HEDS-5540 and ~ 

- HEDS-5640 provide athird | 

_ channel index pulse for home | 


position sensing. The HEDS- 
5500 and 5600 series encoders 
offer a complete solution in 
industrial, medical, and office 


-automation equipment. 


Hewlett-Packard’s new HRPG 
series of low cost miniature 
rotary pulse generators (RPGs) 
use reflective optics technology 
for superior reliability and 
consistent rotational feel for 
more than 1 million 


revolutions. The HRPG is ideal 


for front panel applications 


such as test and measurement — 
equipment, medical equipment, 





CAD/CAM systems, and audio/ 
video equipment. The HRPG is 
available in a variety of 
configurations including smooth 


_ or detented turning, multiple 
terminations and mounting 
_ options, and a wide selection of 


shaft configurations. 


To complement the motion 
sensing products, HP has 
released two motion control IC 
families. The HCTL-1100 CMOS 
general purpose motion control 


IC performs all of the time- 


intensive tasks of digital motion 


control. The HCTL-1100 controls 


position or velocity while using 
an incremental encoder for 
feedback information. The 
HCTL-1100 is also available in a 
surface mount package. The 
HCTL-2000, HCTL-2016, and 
HCTL-2020 Quadrature Decoder/ 
Counter ICs provide a one chip, 
easy to implement solution to 
interfacing the quadrature 
output of an encoder or RPG toa 
microprocessor. These CMOS ICs 
include a quadrature decoder, a 
12 or 16 bit up/down counter, and 
an 8 bit bus interface. In 
addition, the HCTL-2020 has 
cascade output signals as well as 
quadrature decoder output 
signals. 


Optical Encoder Modules 


a_i Le 


HEDS-9000 1-12 


ra 
2 
9 
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Qe 
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OPTLI 00 


500 CPR 


1000 CPR 





HEDS-9040 | 1000 CPR 


OPTL] 00 


HEDS-9100 
OPTL] 00 


1024 CPR 


HEDS-9140 


OPTL] 00 


HEDS-9200 A,B 


OPTC] 00 
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HEDS-9700 | Straight 
OPT HZI2I 
HEDS-9701 | 


OPT 2) 2) 


HEDS-9720 | Straight 


OPT 3) 2) 22) | 
HEDS-9721 


OPT BI2IE2) 


Small Optical Encoder Modules — HEDS-9700 Series 


Package Outline Drawing Lead Bend 


96 CPR 
100 CPR 
192 CPR 
200 CPR 
256 CPR 


360 CPR 


400 CPR | 


120 LPI 
127 LPI 


150 LPI 








Mounting | 7 
Options Page No. 
ae - | 
50- Standard 


51 — Rounded Outline 


_52— Backplane 


53 — Standard w/Posts 
54 -Tabless 


55 — Backplane w/Posts 


Quick Assembly Encoder — HEDS-5500 Series 


Mounting | Through Page 
Type Hole Resolution No. 


Standard 01 2mm 
02 3mm 
03 1/8 in. 
04 5/82 in. 
05 3/16in. 
06 1/4 in. 
11 4mm 
14 5mm 
12 6mm 
13 8mm 


ro) 
2 
oO 
2 — 
Be 
WwW 

ag 
5° 
= 
o) 
= 























HEDS-5500 96 CPR 







100 CPR 





pov-00SS-S03H 


OPT HEIL] 






HEDS-5505 192 CPR 






200 CPR 


OPT (EI) 






HEDS-5600 256 CPR 


External 


Mounting 
Ears 360 CPR 


A,B External : 400 CPR 
Mounting .35 in. 

Ears 500 CPR 

3 512 CPR 









OPT W2IeI 








HEDS-5605 







OPT HEIL) 

















HEDS-5540 256 CPR 


Standard 
Standard 


External 
Mounting 
Ears 


OPT BIZIE) 360 CPR 


HEDS-5545 500 CPR 


OPT BI) L2) 512 CPR 


HEDS-5640 
OPT BI2I2) 


HEDS-5645 External 
Mounting 


OPT BIZIE) Ears 
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28 mm Encoders - HEDS-5000 Series ee ae 
| Option Code . 
Package Outline Drawing | PartNo. Channels” [Resolution — |  ShaftSize =| 


HEDS-5000 4B | C 100CPR — | 2mm 





PT, 02a 192CPR | 02, 3mm 
| 20cpR | 03 18in 

256CPR | 04  5/82in, 

—ge0cpR | 3/16 in. 

HEDS-5010 1 | H 4o0cpR | 1/4 in. 
OPTI | | on soocpR | 11 4mm 
5i2cPR | 14 5mm 


6mm 





‘Contact your local Sales Representative for information regarding this product. (See Section 9.) _ 


56 mm Encndeias HEDS-6000 Series | 
‘Option Code Page 


_ Package Outline Drawing | Resolution | shansie No. 


192 CPR 
HEps-6000 | AB | 200 cPR: | | 3/16 in. 
opr.@) = | H 400 cPR | 1/4 in. 


500 CPR | 07 5/6in. 


512 CPR 3/8 in. . 


1000 CPR 1/2 in. 
1024 CPR 5/8 in. 
HEDS-6010 4mm 


OPT GI2)2] 6mm 





8mm 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 
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Rotary Pulse Generator - HRPG Series 
Package Shaft Feel/ Mechanical ing 
“Outline Drawing Resolution* Configuration Termination 


HRPG- a - ae, 11- ane x 0.25" 2 — Pins Front 
16 CPR with Bracket 


AWM OPT IZIE) | Di6-Detented . | 13-0.3"x0.25" 
16 CPR D-cut 


$32-Smooth | 14-0.5" 0.25" R— Ping Rear 
32 CPR with Bracket 


D32-Detented | 16-05"x 0.25" 
32 CPR D-cut 


S64 - Smooth | 17 - 0.8" x 0.25" C - Cable Connector 
64 CPR with Strain Relief 


SCA - Smooth 19 - 0.8" x 0.25" 
120 CPR D-cut 


[=] 
3 
oO 
wz A 
BR 
la) 

Be 
5° 
E 
{o) 
= 








51-7.6mmx6mm 


53 -7.6 mm x 6mm 
D-cut 


54—-12:.7mmx6mm 


56 - 12.7mmx6émm 
D-cut 


57-20.3mmx6mm 


59 - 20.3 mm x 6mm 
D-cut 


“When ordering detented versions, a D-cut shaft is recommended. 
Bold Type — New Product 


Rotary Pulse Generator — HEDS-5700 


Package | oat 
Outline Drawing | . Part No. Termination 













| Resolution © 






7 | | | Page | 
Shaft Configuration] Drag Option | — No. 
iQ B] 1-59 | 


96 CPR | 0-0.25" dia 0- free spinning 









OPT Ha 
HEDS-5701 | 6" Color Coded Leads 
OPT HEB | 


100CPR | 1-6mmdia 1 - static drag _— 





192CPR_ | 2-0.25" dia D-cut 






200CPR 
256 CPR 
360 CPR 
400 CPR 


> cr onemoeeoesxk § 


500 CPR 
512 CPR 





Rotary Pulse Generator - HEDS-7500 © | 


Ribbon Cable 
296 CPR Color Coded Wire 
HEDS-7503 256 CPR ABI Ribbon Cable a oe 
*Contact your local Sales Representative for information regarding this product. (See Section 9.) 





Bold Type — New Product 


Motion Control ICS — HCTL-XXXX Series 


a 
2 
oO 
32 
z 

[e¥) 
as 
5° 
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HCTL-1100 CMOS General Purpose Motion Control IC 1-77 
ADo/DBo [] 2 
AD,/D8, [] 3 
AD2/DB2 [I] 4 
~ AD3/0B3 5 
‘ADa/08, [] 6 
ADs/DBs (7 34 I EXTCLK 
33 DJ INDEX 
HCTL-1100 
OPT PLC 
- aparoes [7 
apsvops{_ Ja 
1-61 


HCTL-2000 
HCTL-2016 w 


CMOS Quadrature Decoder/Counter IC, 16-bit Counter 










CMOS Quadrature Decoder/Counter IC, 16-bit Counter, 
Quadrature Decoder Output Signals, 
Cascade Output Signals 
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-°_ Codewheels - 11.00 mm (0.433 in) Optical Radius 
re | — ~ Matching 


7 Encoder | 
Package Outline Drawing Module Resolution 








96 CPR 2mm 
100CPR | 3mm 
192CPR | 1/8 in. 
200 CPR _ 5/82 in. 
256 CPR ~— 3/16 in. 
360 CPR 1/4 in. 
400 CPR 4mm 
500 CPR 5mm 
512 CPR | 6mm 
8 mm 


HEDS-5120 | HEDS-9100 
OPTHH@ | HEDS-9700 


->rommoox«®A 


HEDS-5140 HEDS-9140 256 CPR 
oPT BZ G 360CPR 
500 CPR 


512 CPR 


Codewheels — 23.36 mm (0.920 in) Optical Radius 


Matching 
7 Encoder | 
Package Outline Drawing Module Page No. 


192 CPR | 3/16 in. 
200 CPR 1/4 in. 
400 CPR 5/16 in. 
500 CPR 38 in. 
512 CPR 1/2 in. 
1000 CPR «5/8 in. 
1024 CPR 4mm 
6mm 
8mm 


HEDS-6100 HEDS-9000 
| OPTHWEIE) | 


ca 
D 
E 
H 
A 
Bd 
—B 
J 


HEDS-6140 HEDS-9140 1000 CPR 
OPT (3]22} [2] | 1024 CPR 
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or for Encoders and Encoder Modules 


HEDS-8902 | 4-wire connector with 15.5 cm (6.1 in.) flying leads. Locks into 
HEDS-5500 and HEDS-5600 2 channel encoders. Also fits 
HEDS-8903 


HEDS-9000, HEDS-9100, and HEDS-9200 2 channel encoder 
HEDS-8905 





| Package Outline Drawing | PartNo. Outline Drawing 

















modules. 





5-wire connector with 15.5 cm (6.1 in.) flying leads. Locks into 
HEDS-5540 and HEDS-5640 three channel encoders. Also fits 
HEDS-9040 and HEDS-9140 three channel encoder modules. 








Alignment Tool for HEDS-9140 


HEDS-8906 | Alignment Tool for HEDS-9040 










Alignment Tool for HEDS-5540/5545 and HEDS-5640/5645. 
Order in appropriate shaft size. 


HEDS-8910 
opTo OO 


Convenience cached Tools for 28 mm Diameter Encoders — Not Mist aol 


HEDS-8930 | HEDS-5000 Series Tool Kit 
¢ Holding Screwdriver 
¢ Torque Limiting Screwdriver 
* HEDS-8920 Hub Puller 
* HEDS-8922 Gap Setter 


HEDS-892X | Centering Cones 
¢ Aid in High Volume ieeoniby 
¢ Order in Appropriate Shaft Size 





Bold Type ~ New Product: 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 
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Two Channel Optical 
Incremental Encoder Module 


Technical Data 


Features 

¢ High Performance 

¢ High Resolution 

e Low Cost 

e Easy to Mount 

¢ No Signal Adjustment 
Required 

e Insensitive to Radial and 
Axial Play 

¢ Small Size 


e -40°C to 100°C Operating 
Temperature 


¢ Two Channel Quadrature 
Output — 


e TTL Compatible 
e¢ Single 5 V Supply 


Package Dimensions 








Description 


The HEDS-9000 and HEDS- 
9100 series are high 
performance, low cost, optical 
incremental encoder modules. 
When used with a codewheel, 
these modules detect rotary 
position. The modules consist of 
a lensed LED source and a 
detector IC enclosed in a small 
C-shaped plastic package. Due 
to a highly collimated light 
source and a unique photo- 
detector array, the modules are 


extremely tolerant to mounting 


misalignment. 


The two channel digital outputs 
and the single 5 V supply input 


8.6 (0.34) 


ip HEWLETT 


PACKARD 





HEDS-9000 
HEDS-9100 





are accessed through five 0.025. 
inch square pins located on 0.1 
inch centers. 


Standard resolutions for the 
HEDS-9000 are 500 CPR and 


1000 CPR for use with a HEDS- 

































0.63 (0.025) 2.54 (0.100) ae : ) 
SOR. TYP. P. ea os O26 
OPTION 1.52 (0.060) —» ~<— 1.8 (0.07) Ht ANN 
CODE 1.0 (0.04) _ i | 
5.1 (0.20) DATE CODE 6.9 (0.27) 
3.73 + 0.05 2.54 | v 11.5 (0.45) 
beatae pe + 0.002) a8 (0.100) eee | 8.8 (0.35) 
(0.040 < 0.004) nr 
: : 11.7 
7 (0.46) 
ALIGNING 2.9 (0.11) 
RECESS 2.67 (0.105) DIA. OPTICAL 4.75 + 0.10 
aa va tony | ¢ MOUNTING THRU CENTER (0.187 + 0.004) f 
(0.0 . HOLE 2 PLACES 1.78 +0.10 LINE ~ ‘ALIGNING RECESS 
21810-0865): | 280.073) ea | (0.070 + 0.004) > ~ 5.46 + 0.10 2.44/2.41 DIA. 
DEEP 8.64 (0.340) REF. Nene AG (0.215 + 0.004) . (0.096/0.095) 
Nbcae (0.1 15 - 0.004) OPTICAL CENTER 2.16 (0.085) DEEP 
2.44/2.41 X 2.79 <——- 4,14 (0.163) 
20.96 (0.096/0.095 X 0.110) 10.2 6.35 (0.250) REF. 
(0.825) 2.16 (0.085) DEEP (0.400) 


TYPICAL DIMENSIONS IN 
MILLIMETERS AND (INCHES) 


SIDE A 


SIDE B 


ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. | 
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6100 codewheel or equivalent. 
For the HEDS-9100, standard 
resolutions between 96 CPR and 
512 CPR are available for use 
with a HEDS-5120 codewheel or 
equivalent. 


Applications 

The HEDS-9000 and 9100 
provide sophisticated motion 
detection at a low cost, making 
them ideal for high volume 
applications. Typical applica- 
tions include printers, plotters, 
tape drives, and factory 
automation equipment. 


Theory of Operation 
The HEDS-9000 and 9100 are 
C-shaped emitter/detector 
modules. Coupled with a 
codewheel, they translate the 
rotary motion of a shaft into a 
two-channel digital output. 


As seen in the block diagram, 
each module contains a single 
Light Emitting Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single polycarbon- 
ate lens located directly over the 
LED. Opposite the emitter is 
the integrated detector circuit. 
This IC consists of multiple sets 
of photodetectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 


The codewheel rotates between 
the emitter and detector, causing 
the hight beam to be interrupted 
by the pattern of spaces and 
bars on the codewheel. The 
photodiodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the code- 
wheel. These detectors are also 
spaced such that a light period 
on one pair of detectors corre- 
sponds to a dark period on the 


circuitry resulting in A, A, B, 


Block Diagram 


PROCESSING 
CIRCUITRY 


Or eh he oe nee at oe yey ye ye 





EMITTER SECTION CODE 


Output Waveforms 
Je ¢ —_______+ 


CHANNEL A 


$1 $2 $3 $4 


AMPLITUDE 


CHANNEL B 





ROTATION 


Definitions 

Count (N) = The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 


adjacent pair of detectors. The 
photodiode outputs are then fed 
through the signal processing 


and B. Two comparators 
receive these signals and 


produce the final outputs for 1 Shaft Rotation = 360 


channels A and B. Due to this mechanical 
integrated phasing technique, degrees 

the digital output of channel A = N cycles 

is in quadrature with that of 1 cycle (c) = 360 electrical 
channel B (90 degrees out of degrees (°e) 
phase). = 1 bar and 


window pair 


3 
33 
4: 
2 








Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 180°e or 1/2 cycle. 


Pulse Width Error (AP): The 
deviation, in electrical degrees, 


of the pulse width from its ideal | 


value of 180°e. 


State Width (S): The number of 
electrical degrees between a 
transition in the output of 
channel A and the neighboring 
transition in the output of 
channel B. There are 4 states 
per cycle, each nominally 90°e. 


State Width Error (AS): The 
deviation, in electrical degrees, 
of each state width from its 
ideal value of 90°e. 


Recommended Operating Conditions 






Absolute Maximum Ratings 


- Storage Temperature, T,............ 
Operating Temperature, T,........ 
Supply Voltage, Veg .occssscseesees 
Output Voltage, Vo... cesesceeeeee 


Output Current per Channel, I, 


Phase (o): The number of 


~ electrical degrees between the 


center of the high state of 
channel A and the center of the 
high state of channel B. This 
value is nominally 90°e for 
quadrature output. 


Phase Error (Ad): The deviation 


of the phase from its ideal value 


of 90°e. 


Direction of Rotation: When the 
codewheel rotates in the 


ca | 


sake ree Smercaas iciattehauiceies -40°C to 100°C 
dao cueaeeee sessssssssseseeeee" 40°C to 100°C 
Setataitases nastlacvendassrenen Oso Vv LO-4 V- 
saute odaeancle: stern 0.0 V tO Ve 
Ress teaehdncieccaenticedeasee -10mA to5mA 


direction of the arrow on top of 
the module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 


Optical Radius (R,,): The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) of the encoder: 
module. | | os 


cof. 
Ripple < 100 mV, | 
-3.2kQ pull-up resistor |. 

kHz 


Velocity (rpm) x N 


Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 


Encoding Characteristics 


Encoding Characteristics over Recommended Operating Range and Recommended Mounting 


Tolerances. These characteristics do not include codewheel contributions. 


Parameter _. 
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: 


30 | 
| 10° 


Case 1: Modules mounted on tolerances of +0.13 mm (0.005"). 


"[ typ. [Case 1 Max. [Case Max. 







Fs 
es 
Tf 


Case 2: HEDS-9000 mounted on tolerances of +0.50 mm (0.020"). 
HEDS-9100 mounted on tolerances of +0.38 mm (0.015"). 


Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range, typical at 25°C. 


Symbol 






Vi, = a0 WA man 
vy fig=s2ma 


C, = 25 pF 
R, = 11k pull-up 





High Level Output Voltage 






Canin. [pica | Max. 
, aa 


= V 
— v 
PRisetime |] 
ee 






Recommended Codewheel Characteristics 


Codewheel Options 


MAX. 1.9(0.075) 


11.00 (0.433) 
11.00 (0.433) 
11.00 (0.433) 
11.00 (0.433) 
11.00 (0.433) 
11.00 (0.433) 
11.00 (0.433) 
11.00 (0.433) 
11.00 (0.433) 


23.36 (0.920) 
23.36 (0.920) 





Figure 1. Codewheel Design. 






Symbol 
a 7 

1.8(0.07) | 2.3(0.09) _| mm (inch) 
7 


pe fe Rop + 1.9 (0.075) | mm (inch) pie eccentricity 
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Mounting Considerations 


—— ALIGNING BOSS 
0.76 (0.030) HIGH (MAX) 
2.36 (0.093) + 8.025 (0.001) DIA. 
0.25 (0.010) x 45° CHAMFER 
2 PLACES 
y al 


















10.5 
(0.413) 20.83 (0.820) 
21.08 (0.830) 
17.17 (0.676) 
| 17.37 (0.684) 
Ic 
MOTOR Rop BS 
SHAFT 
CENTER eS 
rw wes Le OPTICAL CENTER 
() Q ad t 
ono M 2.5 x 0.45 
46 (2-56 UNC-2B) 
Ropt 9 040) = es 
4.75 (0.143) 
REF 
3.12(0.123) ; 
3.99(0.157) ARTWORK SIDE 


MOUNTING 


OF CODEWHEEL PLANE 


MAX. 4.45(0.175) 
NOTE 1 
NOTES: CODE WHEEL 


1. THESE DIMENSIONS INCLUDE SHAFT END PLAY, 
AND CODEWHEEL WARP. 

2. MAXIMUM RECOMMENDED MOUNTING SCREW 
TORQUE IS 4 kg-cm (3.5 in-Ibs). 


Figure 2. Mounting Plane Side A. 


~<— 25.40 (1.000) MAX. ——> 5.94 (0.234) MAX. 
1.80 (0.071) MOUNTING BOSS — 


NOT USED ON 6 mm & 1/4” 
1.D. HUBS . 


10.16 (0.400) 


Mites 









12.70 (0.500) MAX. 





3.58 (0.141) 


0.20 (0.008) MAX. 
0.064 (0.0025) 


DIMENSIONS IN MM (INCHES) 


Figure 4. HEDS-5120 Codewheel. 


6.32 (0.249) 


Sect 


2-56 SETSCREW 
USE 0.035” HEX WRENCH 


CODEWHEEL 


ARTWORK SIDE 
OF CODEWHEEL 








MIN. 5.60(0.221)NOTE 1 


6.17(0.243) MOUNTING PLANE | 


6.99(0.275) 











NOTE 1} 


M 2.5 x 0.45 
(2-56 UNC-2B) 
2 PLACES 
NOTE 2 


OPTICAL CENTER 
10.5 lee | 


(0.413) 20.83 (0.820) 


12.60 (0.496) 
12.80 (0.504) 







MOTOR 
SHAFT 
CENTER 


ALIGNING BOSS 

0.76 (0.030) HIGH (MAX) 
2.36 (0.093) + 0.025(0.001) DIA. 
0.25(0.010) x 45° CHAMFER 





Rop+, 4:78 





(0.187) 2 PLACES 
NOTES: ; a 
1. THESE DIMENSIONS INCLUDE SHAFT END PLAY, 
AND CODEWHEEL WARP. 


2. MAXIMUM RECOMMENDED MOUNTING SCREW 
TORQUE IS 4 kg-cm (3.5 in-ibs). 


Figure 3. Mounting Plane Side B. 


MOUNTING BOSS 


2-56 SETSCREW 
USE 0.035” HEX WRENCH | 





4 0.20 
50.30 DIA. 8.99 max (0.008) “* 





UNITS mm(INCHES) 


Figure 5. HEDS-6100 Codewheel. 
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Connectors ores ana 
Mounting = = be 
Manufacturer | Part Number Surface ——————== 
AMP 103686-4 —. Both 
640442-5 - 7° Side B 
DuPont 65039-032 with Both 
4825X-000 term. 
HP HEDS-8902 Side B 
3 with 4-wire leads | (see Fig. 6) 
. Molex 2695 series with Side B 
| : 2759 series term. 


Ordering Information 





| 3+1 (0.12 +0.04) 
1.50 | 
4.62 (0.059) PIN N 








pe 





U 
1 

18.0 2 

(0.71) 3 

DIMENSIONS IN MM (INCHES) : 


WHITE 
RED 
BROWN 2: 


MBER | PARAMETER | COLOR 
GROUND | BLACK 
NC 








Figure 6. HEDS-8902 Connector. 





HEDS-9000 Option [| [0][0] HEDS-6100 Option [_][_|[_] 


Resolution 
(Cycles/Rev) 


a ae 


Shaft Diameter 


05-3/16in. 10-5/8 in. 
06 - 1/4 in. 11-4mm 
07-5/16in. 12-6mm 
08 - 3/8 in. 13 -8 mm 
09 - 1/2 in. 






A - 500 CPR 
B - 1000 CPR 









HEDS-9100 Option [_| [0][0] HEDS-5120 Option [_|[_|[_] 















Resolution 
(Cycles/Rev) 


K-96CPR G-360CPR 
C-100CPR H-400CPR 
D-192CPR A-500CPR 
E-200CPR I-512CPR 
F - 256 CPR 









Shaft Diameter 









01-2 mm 11-4mm 
02-3mm 14-5 mm 
03 - 1/8 in. 12-6mm 
04 - 5/32 in. 13-8 mm 
05 - 3/16.in. 

06 - 1/4 in. 
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Features 


HIGH PERFORMANCE 
HIGH RESOLUTION 
LOW COST 


e EASY TO MOUNT 
e NO SIGNAL ADJUSTMENT REQUIRED 


e INSENSITIVE TO MECHANICAL 
DISTURBANCES 


e SMALL SIZE 

e -40°C TO 100°C OPERATING TEMPERATURE 
e TWO CHANNEL QUADRATURE OUTPUT 

e TTL COMPATIBLE 

e SINGLE 5 V SUPPLY 


Description 


The HEDS-9200 series is a high performance, low cost, 
optical incremental encoder module. When operated in 
conjunction with a codestrip, this module detects linear 
position. The module consists of a lensed LED source and 
a detector IC enclosed in a small C-shaped plastic package. 
Due to a highly collimated light source and a unique photo- 
detector array, the module is extremely tolerant to mounting 
misalignment. 


The two channel digital outputs and the single 5 V supply 
input are accessed through four 0.025 inch square pins 
located on 0.1 inch centers. 


Package Dimensions 























Note: Codestrip not included with HEDS-9200. 


Five standard resolutions between 4.72 counts per mm 
(120 counts per inch) and 7.87 counts per mm (200 counts 
per inch) are available. Consult local Hewlett-Packard 
sales representatives for other resolutions ranging from 
1.5 to 7.87 counts per mm (40 to 200 counts per inch). 


Applications 

The HEDS-9200 provides sophisticated motion detection at 
a low cost, making it ideal for high volume applications. 
Typical applications include printers, plotters, tape drives, 
and factory automation equipment. 


ESD WARNING: NORMAL HANDLING PRECAUTIONS 
SHOULD BE TAKEN TO AVOID STATIC. DISCHARGE. 





























+. 26.7 (1.06) ——» 
15.2 
+- —> 
(0.60) «>| 26 0.34 
0.63(0.025) | | 2.54 (0.100) eared . see 
SQR. TYP. TYP. 2 58525 
OPTION > 1.52 (0.060)—>| |«— 1.8 (0.07) bt oane 
CODE oer 1.0 (0.04) rie | 
5.1 (0.20) DATE CODE | 6.9 (0.27) 
_— : OOF ae ak \ ’ 11.5 (0.45) 
2 +0.002) ot, 7 | | (0.100) | 8.8 (0.35) 
1.02 + 0.10 (0.82) 4 
(0.040 < 0.004) | 1 447 
ee =F (0.46) 
ALIGNING 4 f = 2.9(0.11) 
RECESS 2.67 (0.105) DIA. OPTICAL 4.75 +0.10 
ae = s MOUNTING THRU CENTER (0.187 + 0.004) \45° ft 
. . HOLE 2 PLACES 1.78 + 0.10 LINE ALIGNING RECESS 
Se) 1.85 (0.073) —»| |+--- (0.070 + 0.004)" > — 5.46 + 0.10 2.44/2.41 DIA. 
8.64 (0.340) REF. eee er (0.215 + 0.004) ; (0.096/0.095) 
deceit OPTICAL CENTER | 2.16 (0.085) DEEP 
(0.680) \ (0.115 + 0.004) , 
2.44/2.41 X 2.79 \<+—— 4.14 (0.163) 
a 20.96 »| (0.096/0.095 X 0.110) oh, 102 6.35 (0.250) REF. 
(0.825) (0.400) 











2.16 (0.085) DEEP 
TYPICAL DIMENSIONS IN 
MILLIMETERS AND (INCHES) 


SIDE A 





SIDE B 





Block Diagram 
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Theory of Operation 


The HEDS-9200 is a C-shaped emitter/detector module. 
Coupled with a codestrip it translates linear motion into a 
two-channel digital output. 


As seen in the block diagram, the module contains a single 
Light Emitting Diode (LED) as its light source. The light is 
collimated into a parallel beam by means of a single poly- 
carbonate lens located directly over the LED. Opposite the 
emitter is the integrated detector circuit. This IC consists of 
multiple sets of photodetectors and the signal processing 
Circuitry necessary to produce the digital waveforms. 


The codestrip moves between the emitter and detector, 
causing the light beam to be interrupted by the pattern of 
spaces and bars on the codestrip. The photodiodes which 
detect these interruptions are arranged in a pattern that 
corresponds to the count density of the codestrip. These 
detectors are also spaced such that a light period on one 
pair of detectors corresponds to a dark period on the 
adjacent pair of detectors. The photodiode outputs are 
then fed through the signal processing circuitry resulting in 
A, A, B and B. Two comparators receive these signals and 
produce the final outputs for channels A and B. Due to this 
integrated phasing technique, the digital output of channel 
A is in quadrature with that of channel B (90 degrees out of 
phase). 


Definitions 


Count density (D): The number of bar and window pairs 
per unit length of the codestrip. 


Absolute Maximum Ratings 


Parameter 


Storage Temperature 
Operating Temperature 


Supply Voltage Voc 


Output Waveforms 
pS 







CHANNEL A 


AMPLITUDE 


CHANNEL B 


LINEAR POSITION 


Pitch: 1/D, The unit length per count. 


Electrical degree (° e): Pitch/360, The dimension of one bar 
and window pair divided by 360. 


1 cycle (C): 360 electrical degrees, 1 bar and window pair. 


Pulse Width (P): The number of electrical degrees that an 
output is high during 1 cycle. This value is nominally 180°e 
or 1/2 cycle. 


Pulse Width Error (AP): The deviation, in electrical degrees, 
of the pulse width from its ideal value of 180° e. 


State Width(S): The number of electrical degrees between a 
transition in the output of channel A and the neighboring 
transition in the output of channel B. There are 4 states per 
cycle, each nominally 90° e. 


State Width Error (AS): The deviation, in electrical degrees, 
of each state width from its ideal value of 90° e. 


Phase (¢): The number of electrical degrees between the 
center of the high state of channel A and the center of the 
high state of channel B. This value is nominally 90°e for 
quadrature output. 


Phase Error (Ad): The deviation of the phase from its ideal 
value of 90° e. 


Direction of Movement: When the codestrip moves, relative 
to the module, in the direction of the arrow on top of the 
module, channel A will lead channel B. If the codestrip 
moves in the opposite direction, channel B will lead 
channel A. 
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| Parameter | Symbol | Min. | Typ. | Max. | Units | 


Supply Voltage Voc 4.5 ee eS Volts Ripple < 100 m Vp-p 
Load Capacitance ec ey ee 100 3.2 KO pull-up resistor 









pF 
Count Frequency 100 Velocity X D 


Note: 
The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 


Encoding Characteristics 


Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances. These charac- 


teristics do not include codestrip defects. 
[units [Notes 


[Symbot_[ Min 
apf 

Cae ek Da AE Ss a 
ae 

















Electrical Characteristics 


Electrical Characteristics over Recommended Operating Range, typical at 25°C 


| Low Level Output Voltage 
fRisetime | te 


Note: ; 
1. For improved performance in noisy environments or high speed applications, a 3.3 kQ pull-up resistor is recommended. 


Recommended Codestrip Characteristics 


Codestrip design must take into consideration mounting as referenced to either side A or side B (See figure 1). 





MOUNTING AS REFERENCED TO SIDE A MOUNTING AS REFERENCED TO SIDE B 
P SROLEOLE ALIGNING SUSU HOLE - ALIGNING 


RECESS : | . | | ot | “oO | 





Wb 


Ww PITCH 





STATIC CHARGE WARNING: LARGE STATIC 
CHARGE ON CODESTRIP MAY HARM MODULE. 
PREVENT ACCUMULATION OF CHARGE. | 


Window/Bar Ratio Ww/Wb 0.7 Min. 1.4 Max. 0.7 Min. 1.4 Max. 
Mounting Distance La <0.51 (0.020) | Lp > 3.23 (0.127) 


Codestrip edge to inside 

window edge W, Wy = 4.27 (0.168) - Lp mm (inch) 
Codestrip edge to outside . | 
window edge Wo Ws = 5.23 (0.206) - Lp | mm (inch) 





Figure 1. Codestrip Design - 























W; <0.53 (0.021) + La 









W> > 1.50 (0.059) + La 


Note: 
All parameters and equations must be satisfied over the full length of codestrip travel including maximum codestrip runout. 
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Mounting Considerations 


ALIGNING BOSS 

0.76 (0.030) HIGH (MAX.) 

2.36 (0.093) +0.025 (0.001) DIA. 
0.25 (0.010) x 45° CHAMFER 

2 PLACES 


‘ | - a MOUNTING THRU 
HOLES 
© 









10.5 
(0.413) 
17.17 (0.676) 
17.37 (0.684) 
20.83 (0.820) 
21.08 (0.830) 








OPTICAL CENTER 


M 2.5 X 0.45 
(2-56 UNC-2B) 
2 PLACES NOTE 3 


4.75 (0.187) REF. 
L 





3.12 (0.123) 


3.89 (0.157) NOTE 1 ARTWORK SIDE 


OF CODESTRIP MOUNTING 


| PLANE 


MAX. 4.45 (0.175 
. NOTE 1 ( CODESTRIP 


MOUNTING PLANE SIDE A 


Notes: 

1. These dimensions include codestrip warp. 

2. Reference definitions of L, and L, on page 3. 

3. Maximum recommended mounting screw torque is 4 kg-cm 
(3.5 in-Ibs). 


Connectors 


Part Number Mounting Surface 


65039-032 with 
4825X-000 term. Both 







HEDS-8902 with | 
4-wire leads Side B 
2695 series with 
2759 series term. Side B 


CODESTRIP ARTWORK SIDE 


OF CODESTRIP 


6.17 (0.243) 
6.99 (0.275) NOTE 1 
MIN. 5.60 (0.221) NOTE 1 
MOUNTING PLANE 


M 2.5 X 0.45 
(2-56 UNC-2B) 
2 PLACES 















OPTICAL CENTER 


| 20.83 (0.820) 
21.08 (0.830) 





ALIGNING BOSS 
0.76 (0.030) HIGH (MAX.) 


0.25 (0.010) x 45° CHAMFER 
2 PLACES 


MOUNTING PLANE SIDE B 


Ordering Information 


HEDS-9200 Option | | 


RESOLUTION 
Counts per mm (inch) 


PITCH 
mm (inch) per count 


0.212 (0.0083) 
0.200 (0.0079) 
0.169 (0.0067) 
0.141 (0.0056) 
0.127 (0.0050) 


L - 4.72 (120) 
M - 5.00 (127) 
P - 5.91 (150) 
Q - 7.09 (180) 
R - 7.87 (200) 


Consult local Hewlett-Packard sales representatives for 
other resolutions. 
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2.36 (0.093) +0.025 (0.001) DIA. 
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Three Channel Optical 


Incremental Encoder Modules 


Technical Data 


Features 
¢ Two Channel Quadrature 
Output with Index Pulse 


¢ Resolution Up to 1024 
Counts Per Revolution 


¢ Low Cost 

° Easy to Mount 

¢ No Signal Adjustment 
Required |} 2 

¢ Small Size 


e -40°C to100°C Operating 
Temperature 


e TTL Compatible 
¢ Single 5 V Supply 


Package Dimensions 














Description 


The HEDS-9040 and HEDS- 
9140 series are three channel 
optical incremental encoder 
modules. When used with a 
codewheel, these low cost 
modules detect rotary position. 
Each module consists of a 
lensed LED source anda 
detector IC enclosed in a small 
plastic package. Due to a highly 
collimated light source and a 
unique photodetector array, 
these modules provide the same 





8.6 (0.34) 


HEDS-9040 
HEDS-9140 





high performance found in the 
HEDS-9000/9100 two channel 


encoder family. 










0.63 (0.025) __ 2.54 (0.100) S : ten 
SOR. TYP. TYP. | is ooes 
CODE 1.0 (0.04) | | 
5.1 (0.20) DATE oun — 6.9 (0.27) 
7 _[ (0.147 + 0.002) ey | : fF oe 
ean 20.8 (0.100) 1, | 8.8 (0.35) 
(0.040 < 0.004) (0:62) 419 { _ 
—T (0.46): 
ALIGNING 2.9 (0.11) 
RECESS m4 2.67 (0.105) DIA. OPTICAL 4.75 +0.010 
2.44/2.41 DIA. die MOUNTING THRU CENTER (0.187 + 0.004) 
(0.096/0.095) oe g HOLE 2 PLACES 1.78+0.10 LINE ; 
EER 8 5 (0 246) REF tea a i ae 0 Gos ei 
| ; 215 +0. 4.14 (0.163 
17.27 ; Be 5 oe OPTICAL CENTER te (Orte9) 
(0.680) (0.116 0.004) 
2.44/2.41 X2.78 . 
20.96 (0.096 /0.095 X 0.110) »| 10.2 6.35 (0.250) REF. — 
(0.825) 2.16 (0.085) DEEP (0.400) 
TYPICAL DIMENSIONS IN 
SIDEA 


MILLIMETERS AND (INCHES) 


SIDE B 


ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. 
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The HEDS-9040 and 9140 have 
two channel quadrature outputs 
plus a third channel index 
output. This index output isa 
90 electrical degree high true 
index pulse which is generated 
once for each full rotation of the 
codewheel. 


The HEDS-9040 is designed for 
use with a HEDS-6140 code- 
wheel which has an optical 
radius of 23.36 mm (0.920 inch). 
The HEDS-9140 is designed for 
use with a HEDS-5140 code- 
wheel which has an optical 
radius of 11.00 mm (0.433 inch). 


The quadrature signals and the 
index pulse are accessed 
through five 0.025 inch square 
pins located on 0.1 inch centers. 


Standard resolutions between 
256 and 1024 counts per revolu- 
tion are available. Consult local 
Hewlett-Packard sales repre- 
sentatives for other resolutions. 


Applications 

The HEDS-9040 and 9140 
provide sophisticated motion 
control detection at a low cost, 
making then ideal for high 
volume applications. Typical 
applications include printers, 
plotters, tape drives, and 
industrial and factory 
automation equipment. 


Theory of Operation 

The HEDS-9040 and 9140 are 
emitter/detector modules. 
Coupled with a codewheel, these 
modules translate the rotary 
motion of a shaft into a three- 
channel digital output. 


As seen in the block diagram, 
the modules contain a single 


Block Diagram 








PHOTO. 
DIODES 


Light Emitting Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single polycarbon- 
ate lens located directly over the 
LED. Opposite the emitter is 
the integrated detector circuit. 
This IC consists of multiple sets 
of photodetectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 


The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern of spaces and 
bars on the codewheel. The 
photodiodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the 
codewheel. These detectors are 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. 
The photodiode outputs are 
then fed through the signal 
processing circuitry resulting in 
A, A, B, B, I and I. Comparators 
receive these signals and 
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SIGNAL 
PROCESSING 
CIRCUITRY 





INDEX 
PROCESSING 
CIRCUITRY 


produce the final outputs for 
channels A and B. Due to this © 
integrated phasing technique, 
the digital output of channel A 
is in quadrature with that of 
channel B (90 degrees out of 
phase). 


The output of the comparator 
for I and I is sent to the index 
processing circuitry along with 
the outputs of channels A and 
B. The final output of channel I 
is an index pulse P, which is 
generated once for each full 
rotation of the codewheel. This 
output P, is a one state width 
(nominally 90 electrical 
degrees), high true index pulse 
which is coincident with the low 
states of channels A and B. 


Z 
g 
é 
e 
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: 
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AMPLITUDE 


ROTATION 


Definitions | 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of De 
codewheel. 


One Cycle (C): 360 electrical 
degrees (°e), 1 bar and window 
pair. 


One Shaft Rotation: 360 
mechanical degrees, N cycles. 


Position Error (AQ): The 
normalized angular difference 
between the actual shaft 
position and the position 
indicated: by the encoder cycle 
count. 


Cycle Error (AC): An indication 
of cycle uniformity. The differ- 





—24V 


—O04V 
CH.A 


—24V 


—O0O4V 
CH. B 


—24V 


—O04V 
CH. | 


ence between an observed shaft 
angle which gives rise to one 
electrical cycle, and the nominal 
angular increment of 1/N ofa 
revolution. 


Pulse Width (P): The number of 


electrical degrees that an output 


is high during 1 cycle. This 
value is nominally 180°e or 1/2 
cycle. 


Pulse Width Error (AP): The 
deviation, in electrical degrees, 
of the pulse width from its ideal 
value of 180°e. 


State Width (S): The number of 
electrical degrees between a 
transition in the output of 
channel A and the neighboring 
transition in the output of 


Absolute Maximum Ratings 


Storage Temperature, T,.............. 
Operating Temperature, T........... 


Sus occesedsoueiiates sesseeeees 40°C to 100°C | 
He aniise utegen vedenveninoaweiceaits -40°C to 100°C 


SUDDIV VOIEBE CV ac sstsssrsctscsaesteriuranteresaiee a eumatuansoneieenes -0.5Vto7V 
Output Voltage eV 6 svcesestesccsecsnestsavererpervaisassostsntavecy Qissvns -0.5 V to VV, 
Output Current per Channel, Ip jjp...ssssssecesseseereceeeeees -1.0mAto5mA 
Snatt- Axial: Play niche earsetieustieese +0.25 mm (+0.010 in.) 
Shaft Eccentricity Plus Radial Play................ 0.1 mm (0.004 in.) TIR 
MOVOCIEY cccchinnnt stces Snass'tecadet,cuactnse ceva ceneyastsvenaeennacaaretane 30,000 RPM" 
ACCC Ora LOM iiss a sick sassacencdetechecievavstaastonsdvnnasiaventess .....250,000 rad/sec”J 
Note: 


1. Absolute maximums for HEDS-5146/6140 codewheels only. 
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channel B. There are 4 states 
per cycle, each nominally 90°e. 


State Width Error (AS): The 
deviation, in electrical degrees, . 
of each state width from its 
ideal value of 90°e. 


Phase (»): The number of 
electrical degrees between the 
center of the high state of 
channel A and the center of the 
high state of channel B. This 
value is nominally 90°e for 
quadrature output. 


Phase Error ( Ad): The deviation 
of the phase from its eo value 
of 90°e. 


Direction of Rotation: When the 
codewheel rotates in the 
direction of the arrow on top of 
the module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 


Optical Radius (R,,): The 


distance from the codewheel's 


center of rotation to the optical 
center (O.C.) of the encoder 
module. 


Index Pulse Width (P,,): The 
number of electrical degrees 
that an index is high during one 
full shaft rotation. This value is 
nominally 90°e or 1/4 cycle. 


Recommended Operating Conditions 


| Parameter | Symbol | Min. | Typ. | Max. 
[Temperatwre |, | | | so | -c 
Load Capacitance C, 2.7kQ pull-up 
mm 


ae a ee 
Shaft Perpendicularity +0.25 6.9 mm (0.27 in.) from 
Plus Axial Play (+0.010) (in.) mounting surface 
Shaft Eccentricity Plus 0.04 mm (in.) | 6.9 mm (0.27 in.) from 
Radial Play (0.0015) TIR mounting surface 


Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 

















Encoding Characteristics 


Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation of HEDS-5140 and 
HEDS-6140 codewheels. 











ima 
[Pulse Width ror ——SCSCSC~SCSP ST 
Topic State Wiath Bor] S| 
Phase BrrorSSSSSC~C 
[Position Err ——SCSCSC~—rCi | 
index Pulse wists ———S~dCSCiSSS*dYC 
CH. B or CH. Afall |] 
t. 





CH. I fall after -25°C to +100°C 150 300 
CH. A or CH. Brise |Z tI 00° 50 


Note: Module mounted on tolerance circle of +0.13 mm (40.005 in.) radius referenced from module Side A aligning recess 
centers. 2.7 kQ pull-up resistors used on all encoder module outputs. 






Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range. 


Supply Current 
High Level Output Voltage 


Fall Time a 


* Typical values specified at V,, = 5.0 V and 25°C. 


Low Level Output Voltage 
t, 
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Mechanical Characteristics 


Parameter 
















HEDS-6140 | Codewheel 4 
23.36 mm. - Available to Fit 


opticalradius | These Standard 3/16 1/4 5/16 3 
- codewheel ~ Shaft Diameters 3/8 1/2 5/8 -0.0007 Fee ee 
5 6 8 -0.015 | 


















HEDS-5140 











Codewheel 
11.00 mm Available to Fit 
optical radius These Standard +0.000 
codewheel. Shaft Diameters - 8/16 1/4 -0.0007 | 





Moment of Inertia | 0.6 (8.0 x 10°) ea | 


Note: The tolerance requirements are on the mating shaft, not on the codewhcel. 


g-cm? (oz-in-s?) 


Electrical Interface 

To insure reliable encoding +5V R=2.7k0 
performance, the HEDS-9040 . | f 
and 9140 three channel encoder 
modules require 2.7 kQ (410%) 
pull-up resistors on output pins 
2, 3, and 5 (Channels I, A and 
B) as shown in Figure 1. These 
pull-up resistors should be © 
located as close to the encoder 
module as possible (within 4. 
feet). Each of the three encoder 
module outputs can drivea — 








TO OUTPUT LOGIC 
Ee (ONE TTL LOAD. 
PER OUTPUT) 


single TTL load in this | . : a 

configuration. Bes _ Figure 1. Pull-up Resistors on HEDS-9X40 Encoder Module Outputs. 
Mounting : _ : 1 | | | ALIGNING 
Considerations | BSCE R anne 


Figure 2 shows a mounting 

tolerance requirement for proper 

operation of the HEDS-9040 ae 
and HEDS-9140. The Aligning i SHAFT 





Recess Centers must be located 
within a tolerance circle of 0.005 
in. radius from the nominal | 
locations. This tolerance must 
be maintained whether the 
module is mounted with side A 
as the mounting plane using | 
aligning pins (see Figure 5), or 
mounted with Side B.as the meine. 
mounting plane using an : | — | RECESS CENTER 
alignment tool (see Figures 3 - 7 | 
and 4), Figure 2. HEDS-9X40 Mounting Tolerance. 


eee TOLERANCE CIRCLE, 
(0.340 in. 0.008 in. R FOR 
ALIGNING RECESS 


CENTERS 







m 


1.02 m 
Rop + (9 940 in.) 
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Mounting with an 
Alignment Tool 

The HEDS-8905 and HEDS- 
8906 alignment tools are 
recommended for mounting the 
modules with Side B as the 
mounting plane. The HEDS- 
8905 is used to mount the 
HEDS-9140, and the HEDS- 
8906 is used to mount the 
HEDS-9040. These tools fix the 
module position using the 
codewheel hub as a reference. 
They will not work if Side Ais 
used as the mounting plane. 


The following assembly 
procedure uses the HEDS-8905/ 
8906 alignment tool to mount a 
HEDS-9140/9040 module and a 
HEDS-5140/6140 codewheel: 


Instructions: 
1. Place codewhee!l on shaft. 


2. Set codewheel height: (a) 
place alignment tool on motor 
base (pins facing up) flush up 


CODEWHEEL 


ALIGNMENT TOOL { 


MODULE SIDE B 


Figure 3. Alignment Tool is Used to Set Height of 


Codewheel. 


MODULE SIDE A , ! 


against the motor shaft as 
shown in Figure 3. (b) Push 
codewheel down against 
alignment tool. The codewheel 
is now at the proper height. (c) 
Tighten codewheel setscrew and 
remove alignment tool. 


Some motors have a boss 
around the shaft that extends 
above the mounting plane. In 
this case, the alignment tool 
cannot be used as a gage block 
to set the codewheel height as 
described in 2(a), (b), and (c). 

If boss is above mounting plane: 
Slide module onto motor base, 
adjusting height of codewheel so 
that it sits approximately in the 
middle of module slot. Lightly 
tighten setscrew. The codewheel 
height will be more precisely set 
in step 5. 


3. Insert mounting screws 
through module and thread into 
the motor base. Do not tighten 
screws. 


ALIGNMENT TOOL 


6.08 (0.240) 
6.90 (0.272) 


NOTE 1 





< 
a. bel 2 


CONTROL 


2 
2 
ru) 
= 
w 
=z 
uJ 
7.) 
Fo} 
= 
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4. Slide alignment tool over 
codewheel hub and onto module 
as shown in Figure 4. The pins 
of the alignment tool should fit 
snugly inside the alignment 
recesses of the module. 


If boss is above mounting plane: 
The pins of the tool may not 
mate properly because the 
codewheel is too high on the 
shaft. Loosen codewheel 
setscrew and lower codewheel 
slightly. Retighten setscrew 
lightly and attempt this step 
again. 


5. While holding alignment tool 
in place, tighten screws down to 
secure module. 


If boss is above mounting plane: 
Push codewheel up flush 
against alignment tool to set 
codewheel height. Tighten 
codewheel setscrew. 


6. Remove alignment tool. 


ALIGNING 
RECESSES 


MODULE SIDE A 






MODULE SIDE B 


NOTE 1: THIS DIMENSION IS FROM THE MOUNTING PLANE TO THE 
NON-HUB SIDE OF THE CODEWHEEL. 


Figure 4. Alignment Tool is Placed over Shaft and onto 


Codewheel Hub. Alignment Tool Pins Mate with 
Aligning Recesses on Module. 
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Moupine. with Aligning 
Pins | 


The HEDS- 9040 jaa HEDS- 
9140 can also. be mounted using 


(Hewlett-Packard does not 
provide aligning pins.) For this 
configuration, Side A must.be 
used as the mounting plane. 


aligning pins on the motor base. The aligning. eee centers 


CODEWHEEL 


dk 





. Ri i. INDEX PULSE | 
4.45 (0.175) MAX. 3.12 (0.123) REFERENCE MARKER 
NOTE 1 » 3.99 (0.157): MOUNTING PLANE © ; 


NOTE 1: THESE DIMENSIONS INCLUDE ‘SHAFT END PLAY AND CODEWHEEL WARP. 
NOTE 2: RECOMMENDED MOUNTING SCREW TORQUE IS 4 KG-CM (3.5 IN-LBS). 


ALIGNING PINS Q 
' 0.76 (0.030) HIGH (MAX) 

2.44/2.41 (0.096/0.095) DIA. 
~ 0.25 (0.010) X 45° CHAMFER 


POSITION 
2 PLACES ; cme 









20.83 (0.820). 


21.08 (0.830). 9040. 


OPTICAL CENTER 








MOTOR SHAFT M2.5 X 0.45 
CENTER (2-56 UNC-2B) 
2 PLACES 
3.63 (0.143) NOTE 2 
3.64 (0.151) 
1.02 
Ror * (9 940) 
4.75 
Ror * 19 187) 
Figure 5. Mounting Plane Side A. 
5.94 (0.234) MAX. 
25.7 (1.01) 


DIA. MAX. 1.80 (0.071) 


MOUNTING BOSS 


i 6.32 (0.249) 


SETSCREW 
INDEX PULSE 


REFERENCE 
MARKER | 
a 12.70 cea 


POSITION #2-56 SETSCREW 


TYPICAL 


~ 3.58 (0.141) 
0.20 (0.008) MAX. 
0.064 (0.0025) 


Rop= 11.00 mm (0.433 in.) 


DIMENSIONS IN MM oe 


ieee 7. HEDS-5140 Codewheel Used with HEDS.9140. 
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INDEX oe 


must be located within the 
0.005 in. Radius Tolerance 
Circle as explained in _ 
"Mounting Considerations." 
Figure 5 shows the necessary. 
dimensions, 


#2-56 SETSCREW 
USE 0.035” HEX WRENCH 


50.6 


(7,99) DIA: MAX. 








MOUNTING 


SETSCREW 


130° 
TYPICAL. 





~ Rop = 23.36 MM (0.920 IN.) 


Figure 6. HEDS-6140 Codewheel Used with HEDS- 


USE 0.035” HEX WRENCH 


Connectors 


Part Number Mounting Surface 

103686-4 Both 

sie | 1036864 . 
640442-5 Side B 

DuPont 65039-032 with Both 
4825X-000 term. 

HP HEDS-8903 Side B 
with 5-wire leads (see Figure 8) 

Molex 2695 series with Side B 
2759 series term. 


14.30 
a 563) 










- 152+0.5 = 
~ (5.98 + 0.02) — 


= 


5. ee 20 | 








— 3+1 (0.12 + 0.04) 





7.1+0.0/ -0.3 (0.28 + 0.00/-0.01) 


a 50 
3 059) 
o 182) fe NUMBER COLOR | PARAMETER . 
18.0 
ek 1 | BLACK | GROUND 


BLUE | CHANNEL| ! 
3 | WHITE | CHANNEL A ' 
4 | RED 
5 


Vec i 
DIMENSIONS IN MM (INCHES) | BROWN [ CHANNEL B | 


Figure 8. HEDS-8903 Connector. 


Typical Interfaces 


HEDS-9040 HCTL-2016/2020 

OR QUADRATURE 
HEDS-9140 DECODER/ 
COUNTER 


HEDS-—9040 
OR 


HCTL-1100 
MOTION 


HEDS-9140 CONTROL IC 
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HOST 
PROCESSOR 


HOST 
PROCESSOR 
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Ordering Information 


Three Channel Encoder Modules and Codewheels, 23.36 mm Optical Radius 


HEDS-9040 Option a [o][o} | 












Resolution | 
(Cycles/Rev) 


B-1000CPR — 
J - 1024 CPR: 


HEDS-6140 Option [_][_][_] 


05-3/16in. 11-4mm 
06 - 1/4 in. © 12-6 mm 
07 - 5/16 in. 13-8 mm 
08 - 3/8 in. 

09 - 1/2 in. 
10 - 5/8 in. 










Three Channel Encoder Modules and Codewheels, 11.00 mm Optical Radius a, 


HEDS-9140 Option ei [0][0] 

















Resolution 
(Cycles/Rev) : 


F - 256 CPR 
G - 360 CPR 
A - 500 CPR 
I -512 CPR 








Accessories — 


HEDS-8905 | 
Alignment Tool for mounting the HEDS-9140. 


HEDS-8906 
Alignment Tool for Mounting the HEDS-9040. 
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| Shaft Diameter 


HEDS-5140 Option [_][_][_] 









01-2mm 11-4 mm 
02-3 mm 14-5mm . 
03 - 1/8 in. 12-6 mm 
04 - 5/32 in. 13 -8 mm 
05 - 3/16 in. | 
06 - 1/4 in. 








Small Optical Encoder 


Module 
Technical Data 


Features 

e Small Size 

¢ Low Cost 

e Multiple Mounting 
Options 

¢ Wide Resolution Range 

e Linear and Rotary Options 
Available 

e No Signal Adjustment 
Required 

e Insensitive to Radial and 
Axial Play 

e -40°C to +85°C Operating 
Temperature 


Package Dimensions 





Mounting Option #50 - Standard 


HEWLETT 3 
d eackarn a 
BR 
a8 
= 
HEDS-9700 Series 


¢ Two Channel Quadrature 
Output 

¢ TTL Compatible 

¢ Single 5V Supply 

¢ Wave Solderable 


Description 

The HEDS-9700 series is a high 
performance, low cost, optical 
incremental encoder module. 
When operated in conjunction 
with either a codewheel or 
codestrip, this module detects : 0.386 
rotary or linear position. The 





MILLIMETRES 


DIMENSIONS ARE INCHES 


0.25 


eS. 10. 
LEAD THICKNESS: 95 | ~ es. 





LEAD THICKNESS — 0.25 mm 
LEAD PITCH — 2.54 mm 


Contact Factory for Detailed Package Dimensions 


ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. 








1-31 





module consists of a lensed LED 
source and a detector IC 
enclosed in a small C-shaped 
plastic package. Due to a highly 
collimated light source anda _ 
unique photodetector array, the 


module is extremely tolerant to | 


mounting misalignment. 


The two channel digital outputs 
and 5V supply input are 
accessed through four solder- 
plated leads located on 2.54 mm 
(0.1 inch) centers. 


The standard HEDS-9700 is 
designed for use with an 11 mm 
optical radius codewheel, or 
linear codestrip. Other options 
are available. Please contact © 
factory for more information. 


Applications © 

The HEDS-9700 provides 
sophisticated motion detection 
at a low cost, making closed- 
loop control very cost- 
competitive! Typical 


Block Diagram 


applications include printers, 
plotters, copiers, and office | 
automation equipment. | 


Theory of Operation 
The HEDS-9700 is a C-shaped 
emitter/detector module. 
Coupled with a codewheel, it 
translates rotary motion into a 
two-channel digital output. 
Coupled with a codestrip, it 
translates linear motion into a 
digital output. 


As seen in the block diagram, 
the module contains a single 
Light Emitting Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single lens 
located directly over the LED. 
Opposite the emitter is the 
integrated detector circuit. This 
IC consists of multiple sets of 
photodetectors and the signal 
processing circuitry necessary 
to produce the digital 
waveforms. 


PROCESSING 
CIRCUITRY 
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The codewheel/codestrip moves — 
between the emitter and - | 
detector, causing the light bean | 
to be interrupted by the pattern 
of spaces and bars on the 
codewheel/codestrip. The | | 
photodiodes which detect these 
interruptions are arranged ina 
pattern that corresponds to the 
radius and count density of the 
codewheel/codestrip. These 
detectors are also spaced such 
that a light period on one pair of 
detectors corresponds to a dark 
period on the adjacent pair of 
detectors. The photodiode 
outputs are fed through the 
signal processing circuitry. Two 
comparators receive these _ 
signals and produce the final 
outputs for channels A and B. 
Due to this integrated phasing _ 
technique, the digital output of 
channel A is in quadrature with 
channel B (90 degrees out of 
phase). 


Output Waveforms 







AMPLITUDE 


CHANNEL A 


CHANNEL B 


ROTATION 


Definitions 

Count (N) = The number of bar 
and window pairs or counts per 
revolution (CPR) ofthe _ 
codewheel, or the number of 
lines per inch of the codestrip 
(LPI). 


1 Shaft Rotation = 360 
mechanical 
degrees 

= N cycles 
1 cycle (c) = 360 electrical 
degrees (°e) 
= 1 bar and 
window pair 


Pulse Width (P): The number of 
electrical degrees that an 
output is high during one cycle. 
This value is nominally 180°e or 
1/2 cycle. 


Pulse Width Error (AP): The 
deviation, in electrical degrees, 
of the pulse width from its ideal 
value of 180°e. 


State Width (S): The number of 
electrical degrees between a 
transition in the output of 


Absolute Maximum Ratings 


Parameter 


2 
x 
ao 


Storage Temperature 


Operating — 
Temperature 


Supply Voltage 


T 
T 
Vv 
Output Voltage Vv 


S 
A 
CC 
O 


Note: Higher operating ranges available, contact factory for more information. 


Output Current per 
Channel 


Soldering Temperature 


: 
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channel A and the neighboring 
transition in the output of 
channel B. There are 4 states 
per cycle, each nominally 90°e. 


State Width Error (AS): The 
deviation, in electrical degrees, 
of each state width from its 
ideal value of 90°e. 


Phase (o): The number of 
electrical degrees between the 
center of the high state of 
channel A and the center of the 
high state of channel B. This 
value is nominally 90°e for 
quadrature output. 


Phase Error (Ao): The deviation 
of the phase from its ideal value 
of 90°e. 


Direction of Rotation: When the 
codewheel rotates 
counterclockwise, as viewed 
looking down on the module (so 
the marking is visible), channel 
A will lead channel B. If the 
codewheel rotates in the 
opposite direction, channel B 
will lead channel A. 


Optical Radius (Rop): The 
distance from the codewheel's 


‘center of rotation to the optical 


center (O.C.) of the encoder 
module. | 





Recommended Operating Conditions 









Parameter 


a 


Note: The module performance is guaranteed to 20 kHz but can operate at higher frequencies. Contact factory for more 
information. , . 









Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting 
Tolerances. These characteristics do not include codewheel/codestrip contributions. 


ao 

. Parameter — Symbol | Typ.| Max. | Max. Units Notes | 

Pulse Wiath Bor | aP [7 | 9 | o | ~ [ 

[Logie State Width Error | aS | 5 | 30 | 40 | e | 
ge 

Case 1: Module mounted on tolerances of 0.13 mm (0.005"). Case 2: Module mounted on tolerances of 


+0.25 mm (0.010") 


Note: See Figures in Mounting Considerations for details on Case 1 and Case 2 mounting tolerances. 






on 





Phase Error 





Electrical Characteristics a 
Electrical Characteristics over Recommended Operating Range, Typical at 25°C. 


aye. [ ax. [Unite [ Notes 
Ae 
a 



















Low Level Output Voltage ad 0.4 Ij, = 3-2 mA : 


loc 
Vou 
Vor 
t, 


boc) 
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Recommended Codewheel and Codestrip Characteristics 


MAX 3.4 (0.134) 












Window/Bar Rat wor | o7 | aa | 


Window Length (Rotary) Lw 1.80 2.30 mm 
(0.071) (0.091) (inch) 
Re Rop + 3.40 mm Includes eccen— 
(Rop + 0.134) | (inch) | tricity errors 

Center of Post to Inside Wil 1.04 mm 

Edge of Window (0.041) (inch) 
Center of Post to Outside W2 0.76 mm 

Edge of Window | (0.030) (inch) 
Center of Post to Inside Edge L 3.60 mm 

(0.142) (inch) 


Optional Packages Available 











38 (OPTICAL 


a ABD CENTER) 





, 0.25 
LEAD THICKNESS: 0.010 


MILLIMETRES 


DIMENSIONS ARE INCHES 


Mounting Option #51 - Rounded Outline 
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Optional Packages Available (cont'd.) 


3.8 10.8 
0.150 0.425 


3.0 


0.118 i 


(OPTICAL 08 
CENTER) a4 





PIN 1 IDENTIFIER 





25 
0.098 









0.25 
LEAD THICKNESS: 5635 


MILLIMETRES 
INCHES 


DIMENSIONS ARE 


Mounting Option #52 - Backplane 


CENTER) 





4.0 : 
(OPTICAL 4 <— 











MILLIMETRES | : _ 0.25 
DIMENSIONS ARE INCHES LEAD THICKNESS: 0.010 


* POSTS TO BE USED IN CONJUNCTION . 
- = 1.8 WITH ADHESIVES OR HEAT STAKING 


Mounting Option #53 - Standard with Posts 
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Optional Packages Available (cont'd.) 


3.8 10.8 
0.150 0.425 : 
0.50 3.0 
ery vw <4 
0.020 ° r 0.118 — 2 PINTIDENTIFIER 
OO 










a 
on 
O 
55 0.8 | 
0.217 (OPTICAL 9931 
Oe Spree CENTER) 
“fh =f : — 
= ; as S 
6.40 
0.252 ae 
0.167 





LEAD THICKNESS 0.25 _ DIMENSIONS ARE MILLIMETRES 


0.016 INCHES 


Mounting Option #54 - Tabless 








0.118 PIN 1 IDENTIFIER 


(OPTICAL 
CENTER) 





20.2 | 


0.795 





* POSTS TO BE USED IN CONJUNCTION 
WITH ADHESIVE OR HEAT STAKING. 


LEAD THICKNESS: 2:22. DIMENSIONS ARE MILLIMETRES 


0.010 INCHES 


Mounting Option #55 - Backplane with Posts 
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Bent Lead Option 


DIME MILLIMETERS . 
MENSIONS ARE Clee 





Mounting Considerations 


5.32 


0.209 MAX. . 
4.44 + 0.43 
0.175 + 0.017 | 
SEE im | G OF ALIGNMENT TAB 







Rm ——> 
6.30 <3 
0.248 MAX 


6.50 
G.256 va 


2.03 
| 0.080 MIN. 
eS 4 
T6gg DEEP MIN. 


, 2.03 
Fogo HOLE MIN. 


2X R 
Rm = Rop - 0.14 (0.006) 
_ 1.0 
0.039, DEEP MIN. 
Note: These dimensions include shaft end play and codewheel warp. 


All dimensions for mounting the module and codewheel/codestrip should be measured with respect to the two mounting posts, 
shown above. 


Mounting Tolerances 


Case 1 and Case 2 specify the mounting tolerances required on Rm in order to achieve the respective 
encoding characteristics shown on page 4. The mounting tolerances are as follows: 


Case 1: Rm + 0.13 mm (.005 inches) 
Case 2: Rm + 0.25 mm (.010 inches) 


Recommended Screw Size: M2.5 x 0.45 or 2-56 
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Wave Solder Conditions 
Flux — RMA Water Soluble (per 
MIL-F-14256D) 


Process Parameters 

1. Flux 

2. Pre-heat 60 seconds total 
PCB top side @ 230°C 
PCB bottom side @ 260°C 

3. Wave solder 255°C, 1.2 

meters/min line speed 

4, Hot Water Wash | 
1st: 30°C 45 seconds 
2nd: 70°C 90 seconds 

5. Rinse 
Ist: 23°C 45 seconds 
2nd: 23°C 45 seconds 

6. Dry 
1st: 80°C 105 seconds 
2nd: 95°C 105 seconds 


Typical Interface 


HP 
HCTL-2016/2020 
HEDS—9700 QUADRATURE 


DECODER/ 
COUNTER 
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Ordering Information 


HEDS-97 00 Option 0 






















Lead Bend 
0 — Straight Leads 
1 — Bent Leads 






0 — Rotary 


Resolution Options 
2 — Linear 


(11 mm optical radius, Rop) 
K — 96 CPR 


Mounting Options 
50 — Standard | 
51 —-— Rounded Outline 






C— 100 CPR 52.— Backplane ; 
D— 192 CPR 53 — Standard w/Posts 
E— 200 CPR 54 — Tabless 

F — 256 CPR 55 — Backplane w/Posts: 
G— 360 CPR 

H — 400 CPR 

(Linear) 

L— 120 LPI 

M — 127 LPI 

P— 150 LPI 


Contact Factory for Other 
Resolution Options 


Note: Please contact factory for codewheel and codestrip information. 
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Quick Assembly 





Two and Three Channel 
Optical Encoders 


Technical Data 


Features 

° Two Channel Quadrature 
Output with Optional 
Index Pulse 

¢ Quick and Easy Assembly 

° No Signal Adjustment 
Required 

° External Mounting Ears 
Available 

¢ Low Cost 

¢ Resolutions Up to 512 
Counts Per Revolution 

e Small Size 

e -40°C to 100°C Operating 
Temperature 

¢ TTL Compatible 

e Single 5 V Supply 


Description 


The HEDS-5500/5540 and 5600/ 
5640 are high performance, low 
cost, two and three channel 
optical incremental encoders. 
These encoders emphasize high 
reliability, high resolution, and 
easy assembly. 


Each encoder contains a lensed 
LED source, an integrated 
circuit with detectors and output 





circuitry, and a codewheel 
which rotates between the 
emitter and detector IC. The 
outputs of the HEDS-5500 and 
5600 are two square waves in 
quadrature. The HEDS-5540 
and 5640 also have a third 
channel index output in 
addition to the two channel 
quadrature. This index output 
is a 90 electrical degree, high 
true index pulse which is 
generated once for each full 
rotation of the codewheel. 


These encoders may be quickly 
and easily mounted to a motor. 
For larger diameter motors, the 
HEDS-5600/5640 feature 
external mounting ears. 


The quadrature signals and the 
index pulse are accessed 
through five 0.625 inch square 


pins located on 0.1 inch centers. 


Standard resolutions between 
96 and 512 counts per revolu- 
tion are presently available. 
Consult local Hewlett-Packard 
sales representatives for other 
resolutions. 


ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. 
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HEDS-5500/5540 
HEDS-5600/5640 





Applications 

The HEDS-5500, 5540, 5600, 
and 5640 provide motion 
detection at a low cost, making 
them ideal for high volume 
applications. Typical applica- 
tions include printers, plotters, 


tape drives, positioning tables, 


and automatic handlers. 








Package Dimensions 


HEDS-5500/5540 
















MAX 


15.0 (0.59) RADIUS eo AON 


REF. 


PART !D AND 
OPTION CODE 
41.1 (1.62) 

MAX 


26.2 (1.03) 
MAX 


1. LEAVE CLEARANCE FOR TURNING 
AND REMOVING THE HEX WRENCH. 
2. TYPICAL DIMENSIONS IN 


11.2 (0.44) 
MAX 


(0.035 HEX WRENCH) 






14.5 (0.57) 
MIN 


18.3 (0.72) 
MAX 7.1 (0.28) 


MIN 


3.0 (0.12) 9.9 (0.39) 


0.64 (0.025) 
SQ. LEADS ON 
2.54 (0.100) CENTERS TYP. 


MILLIMETERS (INCHES). . 


PIN 11D 6.9 (0.27) 
— MIN 
BV 
22222 
=NW PO 
Pred NOTES: 
QO 
B*2Eo 
So} 
30.0 (1.18) 
TYPICAL 
<«—— INDEX PULSE 
POSITION 


*Note: For the HEDS-5500, Pin #2 is a No Connect. For the HEDS-5540, Pin #2 is CH. I, the index output. 


HEDS-5600/5640 
<< §2.1 (2.05) ———___> 
15.0 (0.59) Y 
RAD. REF. 
25.7 ez eA MAX 
9.53 (0.375) 


an 





41.1 (1.62) 
MAX 
26.2 
(1.03) 
MAX 
! yuu U Y 
BVVVD 
22222 
PART ID AND oe 
OPTION CODE CRE. al ra 
@*O<0 
az Io 
i) > Ow 
2.74 (0.108) DIA HOLES ON 
23.0 (0.906) RAD. BOLT CIRCLE 
~<«—— 30.0 (1.18) —»> 
TYPICAL 
<«—__—_ INDEX PULSE 
POSITION 


11.2 (0.44) MAX 
(0.035” HEX WRENCH) 


18.3 (0.72) 


MAX 
3.0 in | 






—— 14.5 (0.57) MIN 


9.9 (0.39) 


0.64 (0.025) SQ 
LEADS ON 2.54 (0.100) 
CENTERS TYP. 


1. LEAVE CLEARANCE FOR TURNING AND REMOVING HEX WRENCH. 
2. TYPICAL DIMENSIONS IN MILLIMETERS (INCHES). 


*Note: For the HEDS-5600, Pin #2 is a No Connect. For the HEDS-5640, Pin #2 is CH. I, the index output. ' 
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Theory of Operation 


The HEDS-5500, 5540, 5600, 
and 5640 translate the rotary 
motion of a shaft into either a 
two- or a three-channel digital 
output. 


As seen in the block diagram, 
these encoders contain a single 
Light Emitting Diode (LED) as 
its light source. The light is 
collimated into a parallel beam 
by means of a single polycarbon- 
ate lens located directly over the 
LED. Opposite the emitter is 
the integrated detector circuit. 
This IC consists of multiple sets 
of photodetectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 


The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern of spaces and 
bars on the codewheel. The 
photodiodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the 
codewheel. These detectors are 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. 
The photodiode outputs are 
then fed through the signal 
processing circuitry resulting in 
A, A, B and B (also I and I in 
the HEDS-5540 and 5640). 
Comparators receive these 
signals and produce the final 
outputs for channels A and B. 
Due to this integrated phasing 
technique, the digital output of 
channel A is in quadrature with 
that of channel B (90 degrees 
out of phase). 


Block Diagram 


DIODES 


eg a a ap en ara 
cae aaa eee 





EMITTER SECTION CODE 
WHEEL 










SIGNAL 
PROCESSING 
CIRCUITRY 


DETECTOR SECTION 


INDEX 
PROCESSING 


| 
| 
CIRCUITRY | 
| 
| 


NOTE: CIRCUITRY FOR CHe | !S ONLY IN HEDS-5540 AND 5640 THREE CHANNEL ENCODERS. 


In the HEDS-5540 and 5640, 
the output of the comparator for 
I and I is sent to the index 
processing circuitry along with 
the outputs of channels A and 
B. The final output of channel I 
is an index pulse P, which is 
generated once for each full 
rotation of the codewheel. This 
output P, is a one state width 
(nominally 90 electrical 
degrees), high true index pulse 
which is coincident with the low 
states of channels A and B. 


Definitions 

Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 


One Cycle (C): 360 electrical 
degrees (°e), 1 bar and window 
pair. 


One Shaft Rotation: 360 
mechanical degrees, N cycles. 
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Position Error (A@): The 
normalized angular difference 
between the actual shaft 
position and the position 
indicated by the encoder cycle 
count. 


Cycle Error (AC): An indication 
of cycle uniformity. The differ- 
ence between an observed shaft 
angle which gives rise to one 
electrical cycle, and the nominal 
angular increment of 1/N ofa 
revolution. 


Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This 
value is nominally 180°e or 1/2 
cycle. 


Pulse Width Error ( AP): The 
deviation, in electrical degrees, 
of the pulse width from its ideal 
value of 180°e. 


State Width (S): The number of 
electrical degrees between a 
transition in the output of 
channel A and the neighboring 
transition in the output of 
channel B. There are 4 states 
per cycle, each nominally 90°e. 
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State Width Error (AS): The Absolute Maximum Ratings 


deviation, in electrical degrees, Storage Temperature, Tg ........csccsssecscesesseseseesseseeeeceees -40°C to 100°C. 
of each state width from its Operating Temperature, T,, .......... i heaaisbeeaveusetecs Oe -40°C to 100°C 
ideal value of 90°e. Supply Voltage, Veg... scapes iaicaaueaetadadecwseesuhpiensiuetes 70.5 V to 7 V 
Output Voltage, Ve cise acstslesseede wal csctenaniiee sans -0.5 V to Vig 
Phase (): The number of Output Current per Channel, Ioyp.sescssssesessssecseeeeees -1.0mAto5mA 
electrical degrees between the A116) 616 (0) 1 eam Aer een et Ne eb tT OEE 20 g, 5 to 1000 Hz 
center of the high state of Shaft Axial Play ....ccccsscssessessesssesseee £0.25 mm (0.010 in.) 
channel A and the center ofthe — Shaft Eccentricity Plus Radial Play................ 0.1 mm (0.004 in.) TIR 
high state of channel B. This WelOCILY qiactesacnatvadones, Se hese Sent ls ere 30,000 RPM 
value is nominally 90°e for _ Acceleration .......cccccccsscssccscsscsceseecssecsssecsecscnscaseces cotieted 250,000 rad/sec? 


quadrature output. 


Phase Error (A): The deviation Output Waveforms 


of the phase from its ideal value 
of 90°e. 


Direction of Rotation: When the 
codewheel rotates in the 
counterclockwise direction (as 
viewed from the encoder end of 
the motor), channel A will lead 
channel B. If the codewheel 
rotates in the clockwise __ 
direction, channel B will lead 
channel A. 


AMPLITUDE 





Index Pulse Width (P,,): The 
number of electrical degrees 
that an index output is high 
during one full shaft rotation. 
This value is nominally 90°e or 
1/4 cycle. | 


ROTATION 


Recommended Operating Conditions 


Symbol | Min. | Typ. 
| Supply Voltage 


| Load Capacitance : 
| Count Frequency | f 


Count Frequency 


Shaft Perpendicularity 
Plus Axial Play 


Shaft Eccentricity Plus 
Radial Play 





















tax. 
| 
mm 


+0.25 6.9 mm (0.27 in.) from | 
(+0.010) (in.) mounting surface = 

0.04 mm (in.) | 6.9 mm (0.27 in.) from 
(0.0015) TIR mounting surface 


Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 2.7 kQ pull-up resistors 
required for HEDS-5540 and 5640. — 














m | | 
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Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation. 


nae I a 


















































HEDS-5500 Pulse Width Error 
HEDS-5600 Logic State Width Error : 
(Two Channel) | Phase Error 2 
Position Error 10 
Cycle Error 3 
HEDS-5540 Pulse Width Error AP 5 
HEDS-5640 Logic State Width Error AS 5 
(Three Phase Error Ad 2 
Channel) Position Error AO 10 
Cycle Error AC 3 
Index Pulse Width Pp. 55 90 
CH. I rise after -25°C to +100°C t, 10 100 250 ns 
CH. A or CH. B fall | -40°C to +100°C t, -300 | 100 250 





S* $ 





CH. I fall after -25°C to +100°C 70 150 300 
CH. B or CH. A rise} -40°C to +100°C t, 70 150 | 1000 


Note: Sce Mechanical Characteristics for mounting tolerances. 


Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range. 


an a Ce een 


HEDS-5500 | Supply Current mA 
HEDS-5600 | High Level Output Voltage V 
Low Level Output Voltage 0.4 V 
Rise Time 200 = 
Fall Time 50 = - 
HEDS-5540 | Supply Current 1 57 85 mA 
HEDS-5640 | High Level Output Voltage Von y V Lou = -200 WA max. 
Von 0.4 V I, = 3-86 mA 
Rise Time 180 . = 25 pF 
Fall Time 40 = 2. 7kO pull -up 


Low Level Output Voltage 
*Typical values specified at V,, = 5.0 V and 25°C. 
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Mechanical Characteristics 


Tolerance!?! - tn es 
Parameter Symbol | Dimension | HEDS-5X00 | HEDS-5X40 | Units 
5 6 8 -0.015 -0.015 
~ +0.0000 | 
0.0007, 


Codewheel Fits | 
These Standard 
Shaft . 
Diameters 


+0.0000 
-0.0007 


| 

| mm 
(in.) 
mm 
(in.) 
mm 
(in.) 

mm 


5/32 1/8 
3/16 1/4 
Moment of Inertia 0.6 (8.0 x 10°) 

Required Shaft - 14.0 (0.55) 
Length?! — | 
Bolt Circle®! _ 2screw 19.05 
mounting (0.750) 
3 screw 
| mounting 


ext. mtg. 
ears 


Papen 
mounting | M 2.5 or (2-56) 
3 screw | —_ 
ears M 2.5 or (2-56) 
Encoder Base 
Plate Thickness 0.33 (0.130) 


| HubSetSerew | | 256) 


Notes: 

1. These are tolerances required of the user. 

2. The HEDS-55X5 and 56X5 provide an 8.9 mm (0.35 inch) diameter hole through the housing for longer motor shafts. See 
Ordering Information. ; . 

3. The HEDS-5540 and 5640 must be aligned using the aligning pins as specified in Figure 3, or using the alignment tool as 
shown in "Encoder Mounting and Assembly". See also "Mounting Considerations.” . 7 

4. The recommended mounting screw torque for 2 screw and external ear mounting is 1.0 kg-cm (0.88 in-lbs). The recommended 
mounting screw torque for 3 screw mounting is 0.50 kg-cm (0.43 in-lbs). | 


+0.5 
(+0.02) 
+0.13 
(+0.005) 
+0.13 


0.5 

- (+0.02) 
+0.13 

(+0.005) 
+0.13 

(+0.005) (+0.005) 
+0.13 +0.13 

(+0.005) (+0.005) 





Mounting Screw 
Size"! 





Electrical Interface | 

To insure reliable encoding 
performance, the HEDS-5540 
and 5640 three channel | 
encoders require 2.7 kQ (10%) 
pull-up resistors on output pins 
2, 3, and 5 (Channels I, A, and 
B) as shown in Figure 1. These 





pull-up resistors should be 
located as close to the encoder 
as possible (within 4 feet). Each 
of the three encoder outputs can 
drive a single TTL load in this 
configuration. 


The HEDS-5500 and 5600 two 
channel encoders do not 


R=2.7kO 


Figure 1. Pull-up Resistors on HEDS-5X40 Encoder Outputs. 
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normally require pull-up 
resistors. However, pull-up. 


resistors on output pins 3 and 5 


(Channels A and B) are 


recommended to improve rise 


times. 


TO OUTPUT LOGIC 
c» (ONE TTL LOAD 
PER OUTPUT) 


Mounting 
Considerations 


The HEDS-5540 and 5640 three 
channel encoders must be 
aligned using the aligning pins 
as specified in Figure 3, or using 
the HEDS-8910 Alignment Tool 
as shown in Encoder Mounting 
and Assembly. 


The use of aligning pins or 
alignment tool is recommended 
but not required to mount the 
HEDS-5500 and 5600. If these 


3 SCREW MOUNTING 

M1.6 (0-80 UNF-2B) 

3 PLCS-EQUALLY SPACED 
ON 20.90 (0.823) DIA. 
BOLT CIRCLE 


MOTOR SHAFT CENTER 






2 SCREW MOUNTING 
M2.5 (2-56 UNC-2B) 
2 PLCS-~EQUALLY 
SPACED ON 

19.05 (0.750) DIA. 
BOLT CIRCLE 


Figure 2. Mounting Holes. 


M2.5 (2-56 UNC-2B) 
2 PLCS EQUALLY 
SPACED ON 

46.0 (1.811) DIA 
BOLT CIRCLE 


#|4| #025 0010) 


12.01 (0.473) - 


two channel encoders are 
attached to a motor with the 
screw sizes and mounting 
tolerances specified in the 
mechanical characteristics 
section without any additional 
mounting bosses, the encoder 
output errors will be within the 
maximums specified in the 


encoding characteristics section. 


The HEDS-5500 and 5540 can 
be mounted to a motor using 
either the two screw or three 


MOTOR BOSS 


PART NO. DIAMETER | HEIGHT 


11.10/10.94 
(0.437/0.431) 



















HEDS-5540 | 11.13/11.10 
(0.438/0.437) 





0.8 (0.03) X 45° CHAMFER 


ALIGNING PINS 


2.39/2.34 0.76 
(0.094/0.092) | (0.030) 
2.44/2.41 0.76 
(0.096/0.095) | (0.030) 
0.25 (0.010) X 


45° CHAMFER 
2 PLACES 


[A] ¢0.15 0.008) 







od 
oO 
E 
S) 


screw mounting option as 
shown in Figure 2. The optional 
aligning pins shown in Figure 3 
can be used with either mount- 
ing option. 
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The HEDS-5600 and 5640 have 
external mounting ears which 
may be used for mounting to 
larger motor base plates. Figure 
4 shows the necessary mounting 
holes with optional aligning 
pins and motor boss. 


MOTOR SHAFT 


CENTER SHAFT LENGTH 


SEE MECHANICAL 
CHARACTERISTICS 


8.64 (0.340) 


17.27 (0.680) 


Figure 3. Optional Mounting Aids. 


OPTIONAL ALIGNING PINS 


PART NO. DIAMETER | HEIGHT 


HEDS-5600 | 2.39/2.34 0.76 
(0.094/0.092) | (0.030) 


2.44/2.41 
(0.096/0.095) 





HEDS-5640 








0.25 (0.010) X 
45° CHAMFER 
2 PLACES 


o> A | # 0.15 (0.006) 


















OPTIONAL MOTOR BOSS 


PART NO. DIAMETER 


HEDS-5600 | 11.10/10.94 
(0.437/0.431) 


HEDS-5640 | 11.13/11.10 
(0.428/0.437) 
















8.64 (0.340) - 
17.27 (0.680) 


DIMENSIONS IN MM (INCHES) 


0.8 (0.03) X 45° CHAMFER 





Figure 4. Mounting with External Ears. 
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Encoder Mounting and Assembly 


ALIGNMENT 
TOOL 





ENCODER 
BASE PLATE 


1. For HEDS-5500 and 5600: Mount encoder base plate 
onto motor. Tighten screws. Go on to step 2. 


la. For HEDS-5540 and 5640: Slip alignment tool onto 
motor shaft. With alignment tool in place, mount 
encoder baseplate onto motor as shown above. Tighten 
screws. Remove alignment tool. 





— Q Z 
oa 
} SE ~~ AAL 
1 TE or HEX WRENCH 
<I 
CODE WHEEL . 
HUB 
HUB 
SET SCREW 
PUSH DOWN 
WHILE 


TIGHTENING Lt 


3a. Push the hex wrench into the body of the encoder 
to ensure that it is properly seated into the code wheel 
hub set screws. Then apply a downward force on the 
end of the hex wrench. This sets the code wheel gap by 
levering the code wheel hub to its upper position. 


3b. While continuing to apply a downward force, rotate 
the hex wrench in the clockwise direction until the hub 
set screw is tight against the motor shaft. The hub set 
screw attaches the code wheel to the motor's shaft. 


3c. Remove the hex wrench by pulling it straight out of 
the encoder body. 





ENCODER 
‘BODY 


ENCODER 
BASE PLATE 


2. Snap encoder body onto base plate locking all 4 
snaps. 


SIDE SLOT 

CENTER SCREWDRIVER SLOT 
ENCODER CAP 

SIDE SLOT 





ONE DOT POSITION TWO DOT POSITION 


4. Use the center screwdriver slot, or either of the two 
side slots, to rotate the encoder cap dot clockwise from 
the one dot position to the two dot position. Do not 
rotate the encoder cap counterclockwise beyond the 
one dot position. 


The encoder is ready for use! 
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Connectors 


AMP 103686-4 
640442-5 

Berg 65039-032 with 
4825X-000 term. 

HP HEDS-8902 (2 ch.) 
with 4-wire leads 
HEDS-8903 (3 ch.) 
with 5-wire leads 

Molex 2695 series with 
2759 series term. 


14.30 





















152+0.5 
(0.563) r (5.98 + 0.02) 


“lr 


5.0 (0.20) 
7.1+0.0/ - 0.3 (0.28 + 0.00/-0.01) 


- iu (0.12 + 0.04) 


| HEDs-8902 | HEDS-8903 


oak PIN NUMBER | PARAMETER COLORS COLORS 
GROUND BLACK BLACK 











1 
t 2 CH. | N/A‘ BLUE 
bane 1.50 3 CH.A WHITE WHITE 
462 (0.059) 4 Voc RED RED 
(0.182) 5 CHB ee ee eo a, 
18.0 
(0.71) DIMENSIONS IN MM (INCHES) *THIS WIRE IS NOT ON HEDS-8902. 


Figure 5. HEDS-8902 and 8903 Connectors. 


Typical Interfaces 


HP 
HEDS—55XX HCTL-2016/2020 
OR | QUADRATURE 
HEDS-56XX DECODER/ 
COUNTER 


HP 
HCTL-1100 
MOTION 
CONTROL IC 


HEDS-—55XX 
OR 
HEDS-56XX 





HOST 
PROCESSOR 


HOST 
PROCESSOR 
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Ordering Information 


HEDS-5 [| | | Option! |[ |_| 


Outputs 


0 - 2 Channel 
4-3 Channel 


Mounting Type 


5 - Standard 0 - None 


6 - External 
Mounting Ears 


HEDS-8910 0} | | Alignment Tool 





Through Hole 


5 - 8.9 mm (0.35 in.) 





(HEDS-550X, 560X 2 Channel) 









K-96 CPR G - 360 CPR 
C-100CPR H-400CPR 
D-192CPR A-500CPR 
E-200CPR I-512CPR 
F - 256 CPR | , 





(HEDS-554X, 564X 3 Channel) 
F - 256 CPR - 
G - 360 CPR 

A-500 CPR 

1-512 CPR 







Resolution (Cycles/Rev) 












Shaft Diameter 


01-2 mm 06 - 1/4 in. 

















02-3 mm 11-4mm 
03 - 1/8 in. 14-5mm 
04 - 5/32 in. 12-6 mm 

13-8 mm 





05 - 3/16 in. 








(Included with each order of HEDS-554X/564X three channel encoders) 
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Miniature Panel Mount 
Optical Encoder 





Technical Data 


Features 

¢ Miniature Size 

¢ Smooth Turning and 
Detented Options 

e Multiple Mounting Bracket 
Options 

¢ Uses Optical Reflective 
Technology 

¢ Quadrature Digital Output 

¢ Small Footprint for 
Versatile Mounting 

¢ TTL Compatible 


Description 


The HRPG series is a family of 
miniature panel mount optical 
encoders, also known as Rotary 
Pulse Generators (RPG) and 
digital potentiometers. The 
HRPG is designed to be mounted 
on a front panel and used as a 
rotary, data-entry device. The 
HRPG is very flexible for 
numerous applications due to 
the many configuration options 
available. These options include 
detents or smooth, multiple 
terminations, versatile 
mounting capabilities, and 
different shaft configurations. 


[iy neweert 2 
FE PACKARD as 
58 
a: 
= 
= 
HRPG Series 


The HRPG uses optical 
reflective technology providing 
accuracy and reliability to the 
encoder. An LED emits a beam 
of light onto the specular | 
codewheel surface. When the 
light strikes the surface, it 
projects the image of the 
codewheel back on the photo- 
detector, causing the output to 
change. The entire detector 
circuit is on one IC, thus the 
part is less sensitive to 
temperature and other environ- 
mental variations. 


Applications 

Typical applications for the 
Rotary Pulse Generator include 
front panel instruments, audio/ 
visual boards, and other devices 
requiring digital output from a 
turning knob. 
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Absolute Maximum Ratings | eas ee eee 
| —sParameter |S its| Notes 


20 Hz to 2 kHz 


Output Voltage 


eT 
Revolution Life Rev 


v10"[ °6 | Non Condensing Aimoophor 
Supply Voltage A. Ripple < 100 mV, 7 


an anaNeE's 


Electrical Characteristics 
Over Recommended Operating Range 


[Peete | Spa 
Supply Current - 
High Level Output Voltage 


Low Level Output Voltage 
Output Waveforms | 


I . - — 













H 7 





















. 








CHA 
a NOMINAL 
Ri DETENT 
POSITION 
‘CHB. 
a. 
. 90°e + 60°e — 
_TYP. 
, DETENTED RANGE 
"NOTES: — i —  @® @ 
"360° = 360° MECH. 
sci CPR 


CHANNEL A LEADS CHANNEL B FOR CLOCKWISE ROTATION 

CHANNEL B LEADS CHANNEL A FOR COUNTERCLOCKWISE ROTATION 

1. FOR HRPG-ADXX #XXX THE NOMINAL DETENT POSITION IS CENTERED AROUND LOW-LOW STATE 
(CHA =0, CHB =0). 

2. DETENT POSITION WILL LIE WITHIN THESE BOUNDARIES, NEVER IN HIGH-HIGH STATE 
(CHA = 1, CHB = 1). 


1-52 


Mechanical Configurations 


Termination Options 


Option R - Pins Rear with Bracket 
HRPG-AXXX#XXR 


SUGGESTED CONFIGURATION 








NUT AND WASHER MUST BE 


PCB USED TO SECURE MOUNTING 
PLATE TO THE HOUSING. 
| 2.5 
0.10 MAX PANEL THICKNESS 


3/8"-32 UNEF THREAD 






5.8 
0.23 
i) 


79 
TABS 0.031' 4 sans 








PCB MOUNTING DIMENSIONS 


15.11 
0.595 aae 
0.392 
STAR WASHER 
7.1 i 
Pai HEX NUT, 7/16 
0.28 (12.7 mm) 
3.6 FLAT TO FLAT 
0.14 
11.4 
0.45 PINS 0.64 mm/0.025” SQR. 5 PLACES 
ON 2.54 mm/0.100” CENTERS 
NOTES: 
. mm 
DIMENSIONS ARE: Shes 
TOLERANCES ARE: X + 0.25 mm 
XX 40.01 
XX + 0.13 mm TABS 
XXX + 0.005” 


SHIELD IS FOR HOUSING ESD PATH ONLY 
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—x~ MIN. TO LAST COMPLETE THREAD 








0.51 
0.020 










SHAFT CENTER 


(GNNOYD ONISNOH) AT3IHS ‘Ss 


16.1 


@ TSNNVHO ‘2 2 


(WOLLOG NO LOG) GNNOHD ‘L 


jo) 
o 


Vv 1ANNVHO ‘¥ 
(SLIOA G+) 2A ‘€ 





IENIEIE 





é 1.24 +0.08 
0.049 + 0.003 
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re} 
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Option F — Pins Front with Bracket 
HRPG-AXXX#XXF 


SUGGESTED CONFIGURATION PCB MOUNTING DIMENSIONS | . 


NO TRACES WITHIN Sa 
DOTTED LINES. 

@™™--- 
| 1 e 


15.11 = 
0895 996 7.56 


0.392 0.297 








8.38 (FLATS . 
‘0.330 OPTIONAL) 












PCB 
_ Ze, MAX. PANEL THICKNESS pNP OUBS «aon ie 
zs % 6.049 +0.003 ° 
Za MIN. TO LAST COMPLETE THREAD 
0.81 
9.9324 PLACES 









3/8”-32 UNEF THREAD aoe 





s : 
WASHER 





tig : HEX NUT, 7/16” (11.2 mm} i 
PINS 0.64 mm/0.025” SOR. 5 PLACES ae FLAT TO FLAT 
ON 2.54 mm/0.100” CENTERS ETS or 
; 16.1 
10.9 0.63 
0.43 
NOTES: 
. y mm 
DIMENSIONS ARE: 
TOLERANCES ARE: X+ 0.25 mm 
XX + 0.01" 
XX + 0.13 mm 
XXX + 0.005 2S Ee 
2O<20 
SHIELD IS FOR HOUSING ESD PATH ONLY rs <3 
r2aze 
o2222 
reOorgU 
‘OpGad 
Cc ” oO 
eo ~~ A 
F ° 
ra) 2 
2. % 
S] a 
$ re) 
is} ES 
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Option C - Cable Connector with Strain Relief 
HRPG-AXXX#XXC 


SUGGESTED CONFIGURATION 






24 MAX. PANEL THICKNESS 


mH 


_152+8.0 : 
6.0+0.31 STAR HEX NUT, 7/16” (12.7 mm) 


8-3 win. TO LAST COMPLETE THREAD 
3/8"-32 UNEF THREAD 0.25 


WASHER FLAT TO FLAT 


CONNECTOR 
AMP 641239-5 MTA-100 CLOSED END HOUSING WITH DUST COVER, 
FEMALE CONNECTOR ON 0.100"(2.54 mm) CENTERS TO MATE WITH 


MALE 0.025” (0.54 mm) SQR. POSTS, 0.28 + 0.04 (7.11 + 1.00 mm) LONG. 


0.100” (2.54 mm) CENTERS, ROUND CONDUCTOR FLAT CABLE 


GRAY PVC INSULATION 


NOTES: 


DIMENSIONS ARE: INCHES 


TOLERANCES ARE: X + 0.25 mm 
XX + 0.01” 


XX + 0.13 mm 
.XXX + 0.005” 


SHIELD IS FOR HOUSING ESD PATH ONLY 
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12.7 
050 ~~ REF. 


PANEL HOLE DIMENSIONS 
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Shaft Configurations 


Shaft Dimensions (D-cut shown also) 


8.03. 03 
1A. 
0316 316 FLANGE D 






6.40 
0.252 





DIMENSIONS ARE: 


INCHES 


FLANGE FLATS 


+ 0-13 D-CUT 
“0.005 THICKNESS 


Hen. 





0.050 
0.7 


ne = os V.27 5 FLANGE THICKNESS 
6 
~*— 0.030 


FLANGE FLAT DEPTH 





0.13 


0.005 D-CUT LENGTH . 


bt 





0.13 


tS ane 0.005 SHAFT LENGTH 





0.025 


0.001 SHAFT CHAMFER 0.76mm (0.030) x 45° 
0.050 DIA. 


~ 0.002 


1-56 


Shaft Options Available 


p= ff 
.80" 



























Sketch 
(not to scale) 








0.30" 





© 










©O | © 





0.700 


0.400" 


I 

rs 

Soe 
see 
Sse 
fowl f = fe 
mses 


0 
| | 
ai ; 


Hada 


5.33 mm 
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Typical Interface 


HP 

HCTL-2016/2020 

SERIES : QUADRATURE 
ss DECODER/ 
COUNTER 





Ordering Information 


HRPG-A [_|[ /[] 4 























Shaft Feel / Resolution 


S16 — Smooth 16CPR 
D16 — Detented 16CPR* 
S32 — Smooth 32CPR 
D32 — Detented 32CPR* 
S64 — Smooth 64CPR 
SCA — Smooth 120CPR 


Mechanical Configuration 
11 — 0.3" long, 0.25" dia. 

13 — 0.3" long, 0.25" dia. D-cut 
14 — 0.5" long, 0.25" dia. 

16 — 0.5" long, 0.25" dia. D-cut 


17 — 0.8" long, 0.25" dia. 
19 — 0.8" long, 0.25" dia. D-cut 


51 — 7.6 mm long, 6 mm dia. 
53 — 7.6 mm long, 6 mm dia. D-cut 








54 — 12.7 mm long, 6 mm dia. 


57 — 20.3 mm long, 6 mm dia. 
59 — 20.3 mm long, 6 mm dia. D-cut 


*Note: When ordering detented versions, a D-cut shaft is recommended. 
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56 — 12.7 mm long, 6 mm dia. D-cut | 


HOST 
PROCESSOR 


Termination 


F — Pins Front with Bracket 

R— Pins Rear with Bracket 

C — Cable Connector with 
Strain Relief 


HEWLETT 
PACKARD 


G 





Features 


e AVAILABLE WITH OR WITHOUT STATIC 
DRAG FOR MANUAL OR MECHANIZED 
OPERATION 


e HIGH RESOLUTION - UP TO 512 CPR 
¢ LONG ROTATIONAL LIFE, >1 MILLION REVS 


¢ -20 TO 85 °C OPERATING TEMPERATURE 
RANGE 


¢ TTL QUADRATURE OUTPUT 
* SINGLE 5V SUPPLY 


* AVAILABLE WITH COLOR CODED LEADS 


Description 


The HEDS-5700 series is a family of low cost, high perform- 
ance, optical incremental encoders with mounted shafts and 
bushings. The HEDS-5700 is available with tactile feedback for 
hand operated panel mount applications, or with a free spin- 
ning shaft for applications requiring a pre-assembled encoder 
for position sensing. 


The encoder contains a collimated LED light source and 
special detector circuit which allows for high resolution, excel- 
lent encoding performance, long rotational life, and increased 
reliability. The unit outputs two digital waveforms which are 90 
degrees out of phase to provide position and direction informa- 
tion. 


Package Dimensions 


THREAD 3/8-32 
(NUT SUPPLIED) 


$6.35 +0.000, —0.008 

( ¢ 0.2500 +0.0000, —-0.0003) 
15.0 (0.59) ~~ 
RADIUS REF. 






6.9 (0.27) 
MIN LEAD 
LENGTH 


OPTICAL ENCODER 








PANEL MOUNT 


HEDS-5700 
SERIES 





The HEDS-5700 is quickly and easily mounted to a front panel 
using the threaded bushing, or it can be directly coupled to a 
motor shaft (or gear train) for position sensing applications. 


Applications 


The HEDS-5700 with the static drag option is best suited for ap- 
plications requiring digital information from a manually oper-- 
ated knob. Typical front panel applications include instruments, 
CAD/CAM systems, and audio/video control boards. 


The HEDS-5700 without static drag (free spinning) is best 
suited for low speed, mechanized operations. Typical applica- 
tions are copiers, X-Y tables, and assembly line equipment. 



















0.64 (0.025) 
SQ. LEADS ON 
2.54 (0.100) CENTERS TYP. 


TYPICAL DIMENSIONS IN MILLIMETERS (INCHES). 







| SHAFT OPTIONS 

41.1 

(1.62) - $60 
f MAX (0.396) —>| es 
26.2 

19 

(1.03) aia 
MAX (0.421) —»| 


| -~ 60.250 REF 
<< 


-— $66 mm + 0.0, 0.0076 


14.5 (0.57) 
MIN 


3.0 


(0.12) 


7.1 (0.28) MIN 






OPTIONAL WIRING 
COLOR CODE TABLE 


| Color | Output _| 
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CONTROL 








Absolute Maximum Ratings 




















































[Parameter =—=SSSSSSS~*~dCSC«*Symmbot~—=«|~=SsMin. =| ~=SsMax. =| ‘Units | Notes ——+| 
Operating Temperature —=—=S«d| Sta ~—S«d|—~SC 0] HSCS TSSC~S@YS 
Vibration SSS™~<‘dSC“‘SNSC*LCOC#‘#éN#COOO OC Og «| ~«20Hz-2kHe | 

[SupplyVotageSS~“—~wTSC‘ SG ~SCd| Or | 7S Ud] UTC 
Output Current PerChannel S| Sito ~SO«dTS S| SS S| mA OY 
PShattload-Axiai ——SCdTSCSC*~“‘“‘iL'.SC*‘Y’s«“‘s)'~SCidT'sSCitTSY|SSC~CS~S 
PC Radio’ —SC~—“;~CS*'Y SC~‘SWC*C“‘(<;'’T' 1O-*'¢|~ OO] 
Recommended Operating Conditions a 
[Parameter «|S Symbol [| Min. | Max. | Units | Notes 
Rotation Speed-brag—SSi=PSC“C*‘RSC“‘C‘(S*L 300+ RPM [CS 
[Free Spinning | —*(| +'| 2000 [| RPM [| SS 
Electrical Characteristics Over Recommended Operating Range, Typical at 25°C — 

[Parameter ——=S*«drCSSymmbol_| Min. | Typ. | Max. | Units | Notes | 
Supply Current [ote [ [7 | 4 fm fT 
[High Level OutputVottage {| Von | 24 | | —*(| V__| lon=-40uAMax 
rLowLevel Output votage | vu | | +i 04 ~i VV ~*i| ito =82mA 


Note: If more source current is required, use a 3.2K pullup resistor on each output. 


Mechanical Characteristics 


2.4 






























[Parameter ——S*~*~SS ms «yt i|SCSCSCNtes 
[Starting Torque-StatioDrag | —=SS«dt oa? | |S i 
[___=FreeSpinning | ——*+——S*dt =a ein Sid 
[Dynamic Drag -StaticDrag | +i ta~f——S«d| Sem ~—SC*dCO 
[Free Spinning | ———~+t oro |i *d 200 RP 
[Rotational Life - Static Drag | 1x10 |__| | Revolutions | 1lbLoad 
[___=Free Spinning | 12x108 |_| | Revolutions | 40z Radial Load 
Mounting Torque of Nut cae! LA GO a 
Output Waveforms Ordering Information — 

+ 205s —$ - HEDS-5700-000 
CHA 


180445 
Si>{es2 s3>es 90 + 45 TYPICAL 


CH B 


NOTE: All values are in electrical degrees, where 360°e=1 cycle of resolution. 
Errors are worst case over one revolution. 

CH B leads CH A for counterclockwise rotation. 

CH A leads CH B for clockwise rotation. 













Mechanical Configuration 
0 - Pins 
1 - 6" Color Coded Leads 


Shaft Configuration 
0 - 1/4" dia.with no flat 

1 - 6mm dia. with no flat 
2 - 1/4" dia.with flat 





















Resolutions 
(Cycles Per Revolution) 
K=96 CPR G=360 CPR 
C=100 CPR H=400 CPR 
D=192 CPR A=500 CPR 
E=200 CPR |=512 CPR 
F=256 CPR 







Drag Option 
0 - Free Spinning 
1 - Static Drag 
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Features 


e INTERFACES ENCODER TO MICROPROCESSOR 
¢ 14 MHz CLOCK OPERATION 
e FULL 4X DECODE 


e HIGH NOISE IMMUNITY: 
SCHMITT TRIGGER INPUTS 
DIGITAL NOISE FILTER 


e 12 OR 16-BIT BINARY UP/DOWN COUNTER 
e LATCHED OUTPUTS 

e 8-BIT TRISTATE INTERFACE 

e 8,12, OR 16-BIT OPERATING MODES 


e QUADRATURE DECODER OUTPUT SIGNALS, 
UP/DOWN AND COUNT 


e CASCADE OUTPUT SIGNALS, UP/DOWN AND 
COUNT 


e SUBSTANTIALLY REDUCED SYSTEM 
SOFTWARE 


Description 

The HCTL-2000, 2016, 2020 are CMOS ICs that perform 
the quadrature decoder, counter, and bus interface function. 
The HCTL-20XX family is designed to improve system per- 
formance in digital closed loop motion control systems and 
digital data input systems. It does this by shifting time inten- 
sive quadrature decoder functions to a cost effective hard- 
ware solution. The entire HCTL-20XX family consists of a 4x 
quadrature decoder, a binary up/down state counter, and an 
8-bit bus interface. The use of Schmitt-triggered CMOS 
inputs and input noise filters allows reliable operation in 
noisy environments. The HCTL-2000 contains a 12-bit 
counter. The HCTL-2016 and 2020 contain a 16-bit counter. 
The HCTL-2020 also contains quadrature decoder output 
signals and cascade signals for use with many standard 
counter ICs. The HCTL-20XX family provides LSTTL com- 
patible tri-state output buffers. Operation is specified for a 
temperature range from -40 to +85°C at clock frequencies 
up to 14 MHz. 


Devices 


Description 


HCTL-2000 | 12-bit counter. 14 MHz clock operation. 


HCTL-2016 


HCTL-2020 


signals. 


QUADRATURE DECODER/ 
COUNTER INTERFACE IC 


All features of the HCTL-2000. 16-bit counter. 
All features of the HCTL-2016. Quadrature decoder output signals. Cascade output 





HCTL-2000 
HCTL-2016 
HCTL-2020 





MICROPROCESSOR/ 
HOST SYSTEM BUS 


ENCODE R/DIGITAL 
POTENTIOMETER 


HCTL—20XX 


PINOUT B 


PINOUT A 


Applications 


e INTERFACE QUADRATURE INCREMENTAL 
ENCODERS TO MICROPROCESSORS 


e INTERFACE DIGITAL POTENTIOMETERS TO 
DIGITAL DATA iNPUT BUSES 


Table of Contents 


OPERATING CHARACTERISTICS ............ 000005 2 

FUNCTIONAL PIN DESCRIPTIONS .................. 3. 
SWITCHING CHARACTERISTICS ...............0005 4 

OPERATION sacectse see vedeuys GebGlsaeeeed hae say 6 

INTERFACING 

® GENERAL INTERFACING n6 cays wens wue ere 11 

e MOTOROLA 6802/8, 24-BIT CASCADE ............ 12 

@JINVEE SB 14Ge wie dunt cree is eal a dae cesar ees 15 


ESD WARNING: Standard CMOS handling precautions should be 
observed with the HCTL-20XX family ICs. 


Package Drawing 
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CONTROL 








| Package Dimensions 









.. 6.35 + 0,25 
6.35 + 0.25 "(0.250 + 0.010) 
(0.250 + 0.010) ae ke 


7.62 + 0.25 | 26.67 + 0.25 7.62 + 0.25 
PIN 1 19.30 + 0.25 (0.300 + 0.010) (1.050 + 0.010) (0.300 + 0.010) 
(0.760 + 0.010) 


3.30 + 0.25 
3.30 + 0.25 
(0.130 + 0.010) (0.130 + 0.010) 


fo Oy O 
3.30 + 0.25 3.30 + 0.25 . | 
(0.130 + 0.010) |} 10° (0.130 + 0.010) | | Ty | 
1+ 013 | ~s/ ae ' + 051+ 0.13 ~./ 10° 
93 + 0. bes + 0.008 MAX | 
(0.076 + 0.005) ee nee 
0.46 + 0.05 
(0.018 + 0.002) a aa 
0.25 + 0.05 0.25 + 0.05 


2.54 (0.100) TYP. (0.010 + 0.002) 2.54 (0.100) TYP (0.010 + 0.002) 


0.76 + 0.13 MAX 


| | os 
(0.030 + 0.005) kK | {(0.020 + 0.005) 
0.46 + 0.05 , 9.14 (0.360) 
(0.018 + 0.002) MAX 






Dimensions are in millimeters (inches) Dimensions are in millimeters (inches) 


PACKAGE A LEAD FINISH: SOLDER DIPPED PACKAGE B LEAD FINISH: SOLDER DIPPED 


PACKAGE A PACKAGE B 


Operating Characteristics 


Table 1. Absolute Maximum Ratings (All voltages below are referenced to Vss) 


[Symbol [Limits 
DC Supply Voltage 
Storage Temperature 
Operating Temperature 


Table 2. Recommended Operating Conditions ou . 


Symbol 
Vop +45 to +5.5 
40 to +85 


Table 3. DC Characteristics Vpp = 5 V + 5%; Ta = -40 to 85°C 


Symbol ro 

CowLevel Input volage 
vin [ High-Level Input Votlage | 
Vr 


| Min. | 
oul 
ee 
Schmitt-Trigger Positive-Goin 
Threshold 

De ee ge ree 
|Vin=VssorVpp —CS—CidC 1 


Schmitt-Trigger Hysteresis 
Vin= Ves 0FVo5 






Parameter 













Parameter 
DC Supply Voltage 
Ambient Temperature 










Parameter 





| tin | Input Current 
High-Level Output Voltage | lon-1.6mA | 4 
Low-Level Output Voltage los+4emA CT 0 | oe | 
High-Z Output Leakage Current 
Quiescent Supply Current |Vin=VssorVop,Vo=HiZ | 
Lie 
pees 


ie) 






Input Capacitance Any Inputl] 
Output Capacitance | Any Output!3] 


Notes: 

1. Free Air. | 

2. In general, for any Vpp between the allowable limits (+4.5 V to +5.5 V), Vi_ = 0.3 Vpp and Vi, = 0.7 Vpp; typical values are © 
Von = Vpp ~ 0.5 V @ lon = -40 uA and Vo, = Vgg + 0.2 V @ Io, = 1.6 mA. 

3. Including package capacitance. 
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Functional Pin Description 


Table 4. Functional Pin Descriptions 


/ Pin Pin 
Symbol 2000/2016 | 2020, Description 
20 


Ga 
2. 
oO 

2 ol 
HL 
= 

[v) 

He 
Fotaed 
= 





channels, A and B, nominally 90 degrees out of phase, are required. 

This active low Schmitt-trigger input clears the internal position counter and the 
position latch. It also resets the inhibit logic. RST is asynchronous with respect to 
any other input signals. 

This CMOS active low input enables the tri-state output buffers. The OE and SEL 
inputs are sampled by the internal inhibit logic on the falling edge of the clock to 
control the loading of the internal position data latch. 

This CMOS input directly controls which data byte from the position iatch is 
enabled into the 8-bit tri-state output buffer. As in OE above, SEL also controls the 
internal inhibit logic. 





CHA and CHB are Schmitt-trigger inputs which accept the outputs from a 
quadrature encoded source, such as incremental optical shaft encoder. Two 
7 
3 


SEL 3 









SEL | BYTE SELECTED 
0 High 
1 Low 


CNTpcpr 16 A pulse is presented on this LSTTL-compatible output when the quadrature decoder 
has detected a state transition. 
- a | 


This LSTTL-compatiole output allows the user to determine whether the IC is 
counting up or down and is intended to be used with the CNTpcpr and CNTcas 
outputs. The proper signal U (high level) or D (low ievel) will be present before the 
rising edge of the CNTpcpr and CNTcas outputs. 


CNTcas 15 A pulse is presented on this LSTTL-compatible output when the HCTL-2020 internal 

counter overflows or underflows. The rising edge on this waveform may be used to 
trigger an external counter. 

These LSTTL-compatible tri-state outputs form an 8-bit output port through which 

the contents of the 12/16-bit position latch may be read in 2 sequential bytes. The 


high byte, containing bits 8-15, is read first (on the HCTL-2000, the most significant 
4 bits of this byte are set to 0 internally). The lower byte, bits 0-7, is read second. 


O 

- 

— 

De) 
ajoaj3;/sa/4;43/4) . 
— | P|] WwW) RIL N] OO} oO 


Not connected — this pin should be left floating. 
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Switching Characteristics 
Table 5. Switching Characteristics Min/Max specifications at Vpp = 5.0 + 5%, Ta, = -40 to + 85°C 


Symbol Description 


tcLk Clock period 70 


tcHH Pulse width, clock high | 28 


Delay time, rising edge of clock to valid, updated count information 
on DO-7 


_ 
77) 





Oo) 
on 


mn) 


Delay time, OE fall to valid data 


topz Delay time, OE rise to Hi-Z state on DO-7 


topE 


Delay time, SEL valid to stable, selected data byte (delay to High 
Byte = delay to Low Byte | 7 


} tei Pulse width, clock low 
tgg[2] Setup time, SEL before clock fall 
tos/2] Setup time, OE before clock fall 


o> 
oO 


eae 
a O 
w) 0. 
< = 


tuDH Hold time, U/D stable after clock rise 
tupcs Setup time, U/D valid before CNTpcpr or CNTcas rise tcLK- 


Hold time, U/D stable after CNTpcpr or CNTcas rise toiK-45 


p&/ 
aan 


& 
on 


) 
tocp Hold time, last position count stable on DO-7 after clock rise 


28 
20 
20 
28 
10 
5 

5 
10 

4 


Po} pr] a} ay ale [ ape] ata} a] a 
+ 
d 


~- 
Cc 
OQ 
QO 
x 


1. tep specification and waveform assume latch not inhibited. | 
2. tgs, tos, tsH, ton Only pertain to proper operation of the inhibit logic. In other cases, such as 8 bit read operations, these setup and 
hold times do not need to be observed. _ , . 


Figure 1. Reset Waveform 





5 NEW VY 
vet DATA I\/N 
Figure 2. Waveform for Positive Clock Related Delays 


= - | 
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Figure 3. Tri-State Output Timing 
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INTERNAL 
INHIBIT 


L/S VV\/ . VUVVUN\ V/V V/V 
Saab 0.0.0.0 CREEERN 009, SEO 410, CED OS EEE 





Figure 4. Bus Control Timing 


(9 


0.0,0.00.0 GE 0000 
| @ 
’ cNTeas? ; fA 
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Figure 5. Decoder, Cascade Output Timing (HCTL-2020 only) 
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Operation 


A block diagram of the HCTL-20XX family is shown in 
Figure 6. The operation of each major function is de- 
scribed in the following sections. 


cL ——> cx 


DIGITAL FILTER 





CHA a CHANNEL A 
CH B > CHANNEL B 
RST > 
SEL 
OE 


HCTL— 2020 ONLY 














4 

DECODE OUTPUT | 

CNT pcpr ! 

U5 

CASCADE OUTPUT es : 

CNTcas : 

i Pt a Se a a eg | 
12/16 BIT 12/16 BIT OCTAL 2 BIT 
BINARY CTR LATCH MUX/BUFFER 

Qo9-07 | 
8 
Qg—011,15 Do-D7 


Do—D11,15 


CLR 
INH 





*Aq—A7 GROUNDED ON HCTL—2000 


Figure 6. Simplified Logic Diagram 





DIGITAL NOISE FILTER 

The digital noise filter section is responsible for rejecting 
noise on the incoming quadrature signals. The input sec- 
tion uses two techniques to implement improved noise 
rejection. Schmitt-trigger inputs and a three-clock-cycle 
delay filter combine to reject low level noise and large, 
short duration noise spikes that typically occur in motor 
system applications. Both common mode and differential 
mode noise are rejected. The user benefits from these 
techniques by improved integrity of the data in the coun- 
ter. False counts triggered by noise are avoided. 


Figure 7 shows the simplified schematic of the input sec- 
tion. The signals are first passed through a Schmitt trigger 
buffer to address the problem of input signals with slow 


rise times and low level noise (approximately < 1 V). The 
cleaned up signals are then passed to a four-bit delay fil- 
ter. The signals on each channel are sampled on rising 

- clock edges. A time history of the signals is stored in the 
four-bit shift register. Any change on the input is tested for 
a stable level being present for three consecutive rising 
clock edges. Therefore, the filtered output waveforms can 
change only after an input level has the same value for 
three consecutive rising clock edges. Refer to Figure 8 
which shows the timing diagram. The result of this circui- 
try is that short noise spikes between rising clock edges 
are ignored and pulses shorter than two clock periods are 
rejected. | 


a 
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Figure 7. Simplified Digital Noise Filter Logic 


CHA 


rte naan earn Real terorh 


NOISE SPIKE 


CHAFILT | | | | 
CHB FLT | 


Figure 8. Signal Propagation Through Digital Noise Filter 


QUADRATURE DECODER 

The quadrature decoder decodes the incoming filtered 
signals into count information. This circuitry multiplies the 
resolution of the input signals by a factor of four (4X 
decoding). When using an encoder for motion sensing, 
the user benefits from the increased resolution by being 
able to provide better system control. 


The quadrature decoder samples the outputs of the CHA 
and CHB filters. Based on the past binary state of the two 
signals and the present state, it outputs a count signal and 
a direction signal to the internal position counter. In the 
case of the HCTL-2020, the signals also go to external 
pins 5 and 16 respectively. . 


Figure 9 shows the quadrature states and the valid state 
transitions. Channel A leading channel B results in count- 
ing up. Channel B leading channel A results in counting 


down. Illegal state transitions, caused by faulty encoders 
or noise severe enough to pass through the filter, will pro- 
duce an erroneous count. 


DESIGN CONSIDERATIONS 

The designer should be aware that the operation of the 
digital filter places a timing constraint on the relationship 
between incoming quadrature signals and the external 
clock. Figure 8 shows the timing waveform with an incre- 
mental encoder input. Since an input has to be stable for 
three rising clock edges, the encoder pulse width (te - low 
or high), has to be greater than three clock periods (3tc,x). 
This guarantees that the asynchronous input will be stable 
during three consecutive rising clock edges. A realistic 
design also has to take into account finite rise times of the 
waveforms, asymmetry of the waveforms, and noise. In the 
presence of large amounts of noise, te should be much 
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- greater than 3tc,x to allow for the interruption of the con- 


‘| secutive level sampling by the three-bit delay filter. It 


should be noted that a change on the inputs that is quali- 
fied by the filter will internally propagate in a maximum of 
seven clock periods. | 


The quadrature decoder circuitry imposes a second timing » 


~ constraint between the external clock and the input sig- 
nals. There must be at least one clock period between 
consecutive quadrature states. As shown in Figure 9, a 
quadrature state is defined by consecutive edges on both 
channels. Therefore, tes (encoder state period) > tc_x. The 
designer must account for deviations from the nominal 90 


degree phasing of input signals to guarantee that tes | 


> tcLk- 


COUNT Up 






VALID 
STATE 
TRANSITIONS 





Figure 9. 4x Quadrature Decoding 


POSITION COUNTER 

This section consists of a 12-bit (HCTL-2000) or 16-bit 
(HCTL-2016/2020) binary up/down counter which counts 
on rising clock edges as explained in the Quadrature De- 
coder Section. All 12 or 16 bits of data are passed to the 
position data latch. The system can use this count data in 
several ways: 


A. System total range is < 12 or 16 bits, so the count rep- 
resents “absolute” position. 


B. The system is cyclic with < 12 or 16 bits of count per 
cycle. RST is used to reset the counter every cycle and 
the system uses the data to interpolate within the cycle. 


~ C. System count is > 8, 12 or 16 bits, so the count data is 


used as a relative or incremental position input for a 
system software computation of absolute position. In 
this case counter rollover occurs. In order to prevent 
loss of position information, the processor must read 
the outputs of the IC before the count increments one- 
half of the maximum count capability (i.e. 127, 2047, or 
32,767 quadrature counts). Two’s-complement arithme- 
tic is normally used to compute position from these 
periodic position updates. Three modes can be used: 


1. The IC can be put in 8-bit mode by tying the SEL 
line high, thus simplifying IC interface. The outputs 
must then be read at least once every 127 quadrature 
counts. | 

2. The HCTL-2000 can be used in 12-bit mode and 
sampled at least once every 2047 quadrature counts. 


3. The HCTL-2016 or 2020 can be used in 16-bit mode 
and sampled at least once every 32,767 quadrature 
counts. 


D. The system count is > 16 bits so the HCTL-2020 can be 
cascaded with other standard counter IC’s to give abso- 
lute position. 


POSITION DATA LATCH 

The position data latch is a 12/16-bit latch which captures 
the position counter output data on each rising clock 
edge, except when its inputs are disabled by the inhibit 
logic section during two-byte read operations. The output 
data is. passed to the bus interface section. When active, a 
signal from the inhibit logic section prevents new data 
from being captured by the latch, keeping the data stable 
while successive reads are made through the bus section. 
The latch is automatically reenabled at the end of these 
reads. The latch is cleared to 0 asynchronously by the 
RST signal. | 
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INHIBIT LOGIC 

The Inhibit Logic Section samples the OE and SEL signals 
on the falling edge of the clock and, in response to certain 
conditions (see Figure 10 below), inhibits the position data 
latch. The RST signal asynchronously clears the inhibit 
logic, enabling the latch. A simplified logic diagram of the 
inhibit circuitry is illustrated in Figure 11. 


pea ron eine — 
TEPISEL CLK |] SIGNAL ACTION 

[+ _| Sera READ HiGHavTE 
[1 [READ Low ave, STARTS RESET 
[0 [-compueres wnisir vosic reser 


Figure 10. Two Byte Read Sequence 








BUS INTERFACE 

The bus interface section consists of a 16 to 8 line multi- 
plexer and an 8-bit, three-state output buffer. The multi- 
plexer allows independent access to the low and high 
bytes of the position data latch. The SEL and OE signals 
determine which byte is output and whether or not the 
output bus is in the high-Z state. In the case of the HCTL- 
2000 the data latch is only 12 bits wide and the upper four 
bits of the high byte are internally set to zero. 


CLK L 










QUADRATURE DECODER OUTPUT (HCTL-2020 ONLY) 

The quadrature decoder output section consists of count 
and up/down outputs derived from the 4X decode logic of 
the HCTL-2020. When the decoder has detected a count, a 
pulse, one-half clock cycle long, will be output on the 
CNTpcpr» pin. This output will occur during the clock 


cycle in which the internal counter is updated. The U/D 


pin will be set to the proper voltage level one clock cycle 
before the rising edge of the CNTpcpr pulse, and held one 
clock cycle after the rising edge of the CNTpcpr pulse. 
These outputs are not affected by the inhibit logic. See 
Figures 5 and 12 for detailed timing. 


CASCADE OUTPUT (HCTL-2020 ONLY) 

The cascade output aiso consists of count and up/down 
outputs. When the HCTL-2020 internal counter overflows 
or underflows, a pulse, one-half clock cycle long, will be 
output on the CNTcas pin. This output will occur during 
the clock cycle in which the internal counter is updated. 
The U/D pin will be set to the proper voltage level one 
clock cycle before the rising edge of the CNTcas pulse, 
and held one clock cycle after the rising edge of the 
CNTcas pulse. These outputs are not affected by the 
inhibit logic. See Figures 5 and 12 for detailed timing. 


INTERNAL INHIBIT SIGNAL 
TO POSITION DATA LATCH 


Figure 11. Simplified Inhibit Logic 
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. CHBrict * 


CLK 


CHAFiLT* 


u/D 


CNTpcpr 


CNTcas 


COUNT FFFFH 


*CHAgir and CHBei+ are the 
outputs of the digital noise filter 
(see figures 7 and 8). 





0000H FFFDH 


FFFFH 


Figure 12. Decode and Cascade Output Diagram 





CASCADE CONSIDERATIONS (HCTL-2020 ONLY) 

The HCTL-2020’s cascading system allows for position 
reads of more than two bytes. These reads can be accom- 
plished by latching all of the bytes and then reading the 
bytes sequentially over the 8-bit bus. Care must be taken 
to latch all of the bytes such that they represent the count 
as it actually is, despite propagation delays through the 
counters. 


A good understanding of the mechanics of count propaga- 
tion is important in designing a proper interface. Consider 
the sequence of events for a read cycle that starts as the 
HCTL-2020’s interna! counter rolls over. On the rising 
clock edge, count data is updated in the internal counter, 
rolling it over. A count-cascade pulse (CNTcas) will be 
generated with some delay after the rising clock edge 
(tcHp). There will be additional propagation delays through 
the external counters and registers. Meanwhile, with OE 
and SEL low to start the read, this new count on the 
HCTL-2020 will be latched in on the falling clock edge of 
this cycle. If the external registers are latched too soon, 
before the CNTcas pulse has toggled the external count- 
ers and registers, a major count error will occur. 


- Valid data can be ensured by latching the external counter 


data on the first rising clock edge following the falling 
edge on which the internal count on the HCTL-2020 is 
latched (provided that all the delays are less than one 
clock cycle). This will ensure that a cascade pulse that 
occurs during the clock cycle when the read begins has 
adequate time to propagate. This also guarantees that a 
cascade pulse occurring on the clock cycle after the read 


‘is initiated will not be erroneously latched. 
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For example, suppose the HCTL-2020 count is at FFFFH 
and an external counter is at FOH, with the count going 
up. A count occurring in the HCTL-2020 will cause the 
counter to roll over and a cascade pulse will be generated. 
A read starting on this clock cycle will show OO00H from 
the HCTL-2020. The external counter should read F1H, 
but if the host latches the count before the cascade signal 
propagates through, the external counter will still read 
FOH. 


General Interfacing 


The 12-bit (HCTL-2000) or 16-bit (HCTL-2016/2020) latch 
and inhibit logic allows access to 12 or 16 bits of count 
with an 8-bit bus. When only 8-bits of count are required, a 
simple 8-bit (1-byte) mode is available by holding SEL 
high continuously. This disables the inhibit logic. OE pro- 
vides control of the tri-state bus, and read timing is shown 
in Figures 2 and 3. 


For proper operation of the inhibit logic during a two-byte 
read, OE and SEL must be synchronous with CLK due to 
the falling edge sampling of OE and SEL. 


The internal inhibit logic on the HCTL-20XX family inhibits 
the transfer of data from the counter to the position data 
latch during the time that the latch outputs are being read. 
The inhibit logic allows the microprocessor to first read 
the high order 4 or 8 bits from the latch and then read the 
low order 8 bits from the latch. Meanwhile, the counter 
can continue to keep track of the quadrature states from 
the CHA and CHB input signals. 


Figure 11 shows the simplified inhibit logic circuit. The 
operation of the circuitry is illustrated in the read timing 
shown in Figure 13. 





INTERNAL 
INHIBIT 


Position | NEW | NEW NEW | NEW 
LATCH | DATA SrA DATA UNCHANGED | | | Aen 
| | | 
san I ERIENNE EERIE a a 
| 





| 
| 
| 
| 
| 
| 
| 
| 
| | 
| | 
| | ee! 
| | 
SIGNAL | lI | 
ae 
| | | 
| 
| 
E 
| 
| 
| 
| 


| 

| 

| 

| W 

| HIGH BYTE 
| 

| 

| 

| 

















| 
| 
| 
| 


LOW BYTE 





Jo 









b 6 


bao 


*OE can consist of two short low pulses, as well as one long pulse, and still satisfy 


the inhibit logic sequence. During the time that OE is high, the data lines are tri-stated. 


Figure 13. Typical Interface Timing 





ACTIONS 

1. On the rising edge of the clock, counter data is trans- 
ferred to the position data latch, provided the inhibit signal 
is low. 


2. When OE goes low, the outputs of the multiplexer are 
enabled onto the data lines. If SEL is low, then the high 
order data bytes are enabled onto the data lines. If SEL is 
high, then the low order data bytes are enabled onto the 
data lines. 


3. When the IC detects a low on OE and SEL during a 
falling clock edge, the internal inhibit signal is activated. 
This blocks new data from being transferred from the 
counter to the position data latch. 
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4. When SEL goes high, the data outputs change from the 
high byte to the low byte. 


5. The first of two reset conditions for the inhibit logic is 
met when the IC detects a logic high on SEL and a logic 
low on OE during a falling clock edge. 


6. When OE goes high, the data lines change to a high 
impedance state. 


7. The IC detects a logic high on OE during a falling clock 
edge. This satisfies the second reset condition for the 
inhibit logic. 
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Interfacing the HCTL-2020 to a Motorola 6802/ 8 and Cascading 
_ the Counter for 24 Bits 







74LS138 
Y 


* BECAUSE THE EDGE—TRIGGERED INPUTS OF THE EXTERNAL COUNTERS 
ARE NOISE-SENSITIVE, DOUBLE SCHMITT—TRIGGER INVERTERS OR A 
LOW--VALUE CAPACITOR TO GROUND ARE RECOMMENDED. THIS WILL 
PREVENT FALSE TRIGGERS IF NOISE IS A PROBLEM. 






~“ 
e 


oo opm 







74LS697 


Figure 14. A Circuit to Interface to the 6802/8 
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In this circuit an interface to a Motorola 6802/8 and a cas- 
cading scheme for a 24-bit counter are shown. This circuit 
provides a minimum part count by: 1) using two 74LS697 
Up/Down counters with output registers and tri-state out- 
puts and 2) using a Motorola 6802/8 LDX instruction 
which stores 16 bits of data into the index registers in two 
consecutive clock cycles. 


The HCTL-2020 OE and the 74LS697 G lines are decoded 
from Address lines A15-A13. This results in counter data 
being enabled onto the bus whenever an external memory 
access is made to locations 4XXX or 2XXX. Address line 
A12 and processor clock E enable the 74LS138. The pro- 
cessor clock E is also used to clock the HCTL-2020. 
Address AO is connecied directiy to the SEL pin on the 
HCTL-2020. This line selects the low or high byte of data 
from the HCTL-2020. 


Cascading is accomplished by connecting the CNTcas 
output on the HCTL-2020 with the counter clock (CCK) 
input on both 74LS697’s. The U/D pin on the HCTL-2020 
and the U/D pin on both 74LS697’s are also directly 
connected for easy expansion. The RCO of the first 4-bit 
74LS697 is connected to the ENT pin of the second 
74LS697. This enables the second counter only when there 
is a RCO signal on the first counter. 





This configuration allows the 6802 to read both data bytes 
with a single double-byte fetch instruction (LDX 2XX0). 
This instruction is a five cycle instruction which reads 
external memory location 2XX0 and stores the high order 
byte into the high byte of the index register. Memory 
location 2XX1 is next read and stored in the low order byte 


of the index register. The high byte of counter data is 
clocked into the 74LS697 registers when SEL is high and 
OE goes low. This upper byte can be read at any time by 
pulling the 74LS697 G low when reading address 4XXX. 
Figure 15 shows memory addresses and gives an example 
of reading the HCTL-2020. Figure 16 shows the interface 
timing for the circuit. 


| Address | Function = 
CXXX Reset Counters 






Read Example 


LDX 2000 Loads mid byte and then low byte into 
memory locations 0100 and 0101 
Loads the high byte into memory 


location 0102 


STX 0100 
LDAA 4000 
STAA 0102 





Figure 15. Memory Addresses and Read Example 
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INHIBIT 


DATA BUS 


ACTIONS 


CNTcas 


HCTL—2020 


INTERNAL COUNT " FFFFH | 0000H 








CLK 


XKAXKKXXXXXKK 


RC 


A 


@I 








KXKKRW, KKKKKXKKXKKKK 






HIGH Z 


Figure 16. Interface Timing for the 6802/8 


ACTIONS 


1. 


The microprocessor clock output is E. If the internal 
HCTL-2020 inhibit is not active, new data is trans- 
ferred from the internal counter to the position data 
latch. 


An even address output from the 6802 causes SEL to 
go low. When E goes high, the address decoder out- 
put for the HCTL-2020 OE signal goes low. This 
causes the HCTL-2020 to output the middle byte of 
the system counter (high byte of the HCTL-2020 
counter). 


In this case, the HCTL-2020 counter has overflowed 
and there is an output on the CNTgas line. This pulse 
is counted by the 74LS697 but not loaded into the 
output register of the 74LS697 at this time. 


The 6802 reads the data bus on the falling edge of E, 
storing the high order 2020 data byte (middle system 
byte) into the high byte of the index register. The chip 
detects that OE and SEL are low on the falling edge of 
E and activates the internal inhibit signal. The position 
data latch is inhibited and data cannot be transferred 
from the internal counter to the latch. 


When E goes low, the address decoder output is dis- 
abled and OE goes high. The 6802 increments the 
address, causing SEL to go high. The position data 
latch is still inhibited. 
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10. 


11. 


12. 


When SEL is high and OE is low the 74LS697 register 
clock (RCK) goes high. The rising edge of RCK loads 
the 74LS697 count into the 74LS697 register. Delaying 
the RCK signal until the second OE allows for delays 
on the CNTcas signal. 


The address decoder is enabled after E goes high. 
The OE line goes low and the low data byte is enabled 
onto the bus. 


The 6802 reads the data bus on the falling edge of E, 
storing the low order data byte into the low byte of the 
index register. The HCTL-2020 detects that OE is low 
and SEL is high on the falling edge of E, thus meeting 
the first inhibit reset condition. 


When E goes low, the address decoder is disabled, 
causing OE to go high and the data lines to go to the 
high impedance state. The 6802 continues its instruc- 
tion execution, and the state.of SEL is indeterminate. 


The HCTL-2020 detects OE is high on the next falling 
edge of E. This satisfies the second inhibit reset condi- 
tion and the inhibit signal is reset. 


When E goes high, a new address causes the G line on 
the 74LS697 to go low and enables the high byte onto 
the data bus. 


When E goes low, the high byte is read into the 6802. 
The data bus returns to tri-state. 


Interfacing the HCTL-20XX to 
an Intel 8748 


The circuit shown in Figure 17 shows the connections 
between an HCTL-20XX and an 8748. Data lines DO-D7 are 
connected to the 8748 bus port. Bits 0 and 1 of port 1 are 
used to control the SEL and OE inputs of the HCTL-20XX 
respectively. TO is used to provide a clock signal to the 
HCTL-20XX. The frequency of TO is the crystal frequency 
divided by 3. TO must be enabled by executing the ENTO 
CLK instruction after each system reset, but prior to the 
first encoder position change. An 8748 program which 
interfaces to the circuit in Figure 17 is given in Figure 18. 
The resulting interface timing is shown in Figure 19. NOTE EIN NUMEE DS ARE DIRFENENT Pon rae nett 2020 


Figure 17. An HCTL-20XX-to-Intel 8748 Interface 
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Object Code 


ANL P1, OOH Enable output an higher order bits 
INS A, BUS Load higher order bits into ACC 
MOVE ROA Move data to register 0 


ORL P1, 01H Change data from high order to low order bits 
INS A, BUS Load order bits into AC 

MOV R1,A Move data to register 1 

ORL P1, 03H Disable outputs 

RETR Return 





Figure 18. A Typical Program for Reading HCTL-20XX with an 8748 
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PROGRAM 
EXECUTION 


DATA BUS | 


CLK 


ANL, P1, 004 









ACTIONS 





OF 


Figure 19. 8748 READ Cycle from Figure 18. 


ACTIONS 


1. 


ANL P1, OOH has just been executed. The output of bits 
0 and 1 of Port 1 cause SEL and OE to be logic low. 
The data lines output the higher order byte. 


The HCTL-20XX detects that OE and SEL are low on 
the next falling edge of the CLK and asserts the internal 
inhibit signal. Data can be read without regard for the 
phase of the CLK. 


INS A, BUS has just been executed. Data Is read into 
the 8748. 


. ORL PORT 1, 01H has just been executed. The pro- 


gram sets SEL high and leaves OE low by writing the 
correct values to port 1. The HCTL-20XX detects OE is 
low and SEL is high on the next falling edge of the 
CLK, and thus the first inhibit reset condition is met. 


5. INS A, BUS has just been executed. Lower order data 
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bits are read into the 8748. 


. ORL P1, 03H has just been executed. The HCTL-20XX 


detects OE high on the next falling edge of CLK. The 
program sets OE and SEL high by writing the correct 
values to port 1. This causes the data lines to be tri- 
stated. This satisfies the second inhibit and reset condi- 
tion. On the next rising CLK edge new data is trans- 
ferred from the counter to the position data latch. 





General Purpose Motion 


Control IC 
Technical Data 


Features 

¢ Low Power CMOS 

e PDIP and PLCC Versions 
Available 

e Enhanced Version of the 
HCTL-1000 

¢ DC, DC Brushless, and 
Step Motor Control 

° Position and Velocity 
Control 

e Programmable Digital 
Filter and Commutator 

e 8-Bit Parallel, and PWM 
Motor Command Ports 

e TTL Compatible 

e SYNC Pin for 
Coordinating Multiple 
HCTL-1100 ICs 

¢ 100 kHz to 2 MHz 
Operation 

¢ Encoder Input Port 


Description 

The HCTL-1100 series is a high 
performance, general purpose 
motion control IC, fabricated in 
HP CMOS technology. It frees 
the host processor for other 
tasks by performing all the 
time-intensive functions of 
digital motion control. The 
programmability of all control 
parameters provides maximum 
flexibility and quick design of 
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Gi PACKARD zs 
a8 
3 
HCTL-1100 Series 


control systems with a 
minimum number of 
components. In addition to the 
HCTL-1100, the complete 
control system consists of a host 
processor to specify commands, 
an amplifier, and a motor with 
an incremental encoder (such as 
the HP HEDS-5XXX, -6XXX, - 
9XXX series). No analog 
compensation or velocity 
feedback is necessary. 
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Applications 
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ee 8 [processor | - 
Typical applications for the | | 
HCTL-1100 include printers, 
medical instruments, material 
handling machines, and 


industrial automation. 


HCTL-1100 vs. 
HCTL-1000 


replace the HCTL-1000. Some 
differences exist, and some 


enhancements have been added. System Block Diagram 


Comparison of HCTL-1100 and HCTL-1000 | 
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-. Description 7 





Operating Frequency — 


Max. Supply Current | 
950 mW 


Leakage Current 10nA | 10pA 
Operating Temperature 
Range . —— | -20°C to+85°C | 0°C to 70°C 
Storage Temperature Range 
Synchronize 2 or More ICs — [Ys f= 
re 
| Must be pulled | Can be left 


_| up to V,, if floating if not : 
not used. used. 


Preset Actual Position 
Registers = 








Read Flag Register es 


Limit and Stop Pins 


[yes 


PLCC Package Available 
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Package Dimensions 


NOTES: 

*1. EACH PIN CENTERLINE TO BE LOCATED 
WITHIN 0.010” OF ITS TRUE 
LONGITUDINAL POSITION. 

2. LEAD FINISH: aaa Sine 


3. DIMENSIONS ARE ——— 
ches 


15.24 , 0.25 


ORIENTATION NOTCH: 
SHAPE MAY VARY 
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PIN NO. 1 iD SEATING 
PLANE 
52.32 + 0.25 5.08 MAX. 











2.03 4 0.25 





Ji: 















0.12 








ae + 228 3.18 





40-PIN PLASTIC DUAL INLINE PACKAGE 
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cToc 
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MAX 20 (0.017) ~ (0.004) 
0.51 
(0.020) MIN 
4.57 
(0.180) MAX 





SEATING PLANE 


44 PIN PLASTIC LEADED CHIP CARRIER PACKAGE 


Theory of Operation 
The HCTL-1100 is a general 
purpose motor controller which 
provides position and velocity 
control for DC, DC brushless 
and stepper motors. The 
internal block diagram of the 
HCTL-1100 is shown in Figure 
1. The HCTL-1100 receives its 
input commands from a host 
processor and position feedback 
from an incremental encoder 
with quadrature output. An 8- 
bit bi-directional multiplexed 
address/data bus interfaces the 
HCTL-1100 to the host 


processor. The encoder feedback 
is decoded into quadrature 
counts and a 24-bit counter 
keeps track of position. The 
HCTL-1100 executes any one of 
four control algorithms selected 
by the user. The four control 
modes are: 


¢ Position Control 

¢ Proportional Velocity Control 

¢ Trapezoidal Profile Control for 
point to point moves 


¢ Integral Velocity Control with 
continuous velocity profiling 
using linear acceleration 
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The resident Position Profile 
Generator calculates the 
necessary profiles for 
Trapezoidal Profile Control and 
Integral Velocity Control. The 
HCTL-1100 compares the 
desired position (or velocity) to 
the actual position (or velocity) 
to compute compensated motor 
commands using a 
programmable digital filter 
D(z). The motor command is 
externally available at the 
Motor Command port as an 8- 
bit byte and at the PWM port as 
a Pulse Width Modulated 
(PWM) signal. 


The HCTL-1100 has the 
capability of providing 
electronic commutation for DC 
brushless and stepper motors. 
Using the encoder position 
information, the motor phases 
are enabled in the correct 
sequence. The commutator is 
fully programmable to 
encompass most motor/encoder 
combinations. In addition, 
phase overlap and phase 
advance can be programmed to 
improve torque ripple and high 
speed performance. The HCTL- 
1100 contains a number of flags 
including two externally 
available flags, Profile and 
Initialization, which allow the 
user to see or check the status of 
the controller. It also has two 
emergency inputs, Limit and 
Stop, which allow operation of 
the HCTL-1100 to be 
interrupted under emergency 
conditions. 





The HCTL-1100 controller is a 
digitally sampled data system. 
While information from the host 
processor is accepted 
asynchronously with respect to 
the control functions, the motor 
command is computed ona 
discrete sample time basis. The 
sample timer is programmable. 


LIMIT STOP PROF INIT 





POSITION . 
PROFILE EMERGENCY STATUS 
GENERATOR FLAGS FLAGS 


















| | 
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| 
| | 
| | 
AD o/DBo MCo 
AD, /DB, — Mc; 
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AD3/DB3 MOTOR MC3 
COMMAND 
AD4/DB4 <— PORT MCq 
ADs; /DB,; <—-—»} MCs 
1/0 PORT ae 
DBg 6 
| DIGITAL 
DB7 FILTER MC7 
ALE ! 
ae 
cs ! 
I :, ace 
ps | re ii ni 
| FEEDBACK PORT : SIGN 
R/W 
| | 
| PHA 
| 
PHB 
| | 
COMMUTATOR 
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| COUNTER PHD 
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Figure 1. Internal Block Diagram. 





SET/CLEAR FO, F3, OR F5* 









RESET PIN WRITE OOH 
~ LOW * TQ ROSH 





TRAPEZOIDAL 
PROFILE 
(CONTROLLER CLEARS 
FO AT THE END 
OF THE MOVE.) 

























WRITE 02H | 
Sad INITIALIZATION WRITE 01H - PROPORTIONAL 
IDLE TO ROSH VELOCITY 






CONTROL 






RITE 03H 
O ROSH 







INTEGRAL 
VELOCITY 
CONTROL 






POSITION 
CONTROL 





FO, F3, Fs 


Figure 2. Operating Mode Flowchart 
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Electrical Specifications 


Absolute Maximum Ratings 
Operating Temperature, T, 
Storage Temperature, T, 
Supply Voltage, V,, 
Input Voltage, V,. 
Maximum Operating Clock Frequency, 


DC Electrical Characteristics 
Vop = 5 V £ 5%; T, = -20°C to +85°C 


Supply Current 
Input Leakage Current 


Input Pull-Up Current 
SYNC PIN 


Tristate Output Leakage 
Current 


Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Power Dissipation 
Input Capacitance 


Output Capacitance 


POR Heeeeeereeseeeeeaeneoes 


Test Conditions 
1 100 Viv = 0.00 and 5.25 V 
4 


V 


ele 
o 


V 
V. Vv 


7 





5 
0 0 n 
0 
0 150 Vour = -0.3 to 5.25 V 
5 
00 


g jan) 
9 nes 
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AC Electrical Characteristics 
pp = 0 V+ 5%; T, = -20°C to +85°C; Units = nsec 


A 


< 





Clock Frequency ee 


i 


_ 


_ 
om) 
jm) 
© 


Clock Period (clk) 500 


Pulse Width, Clock High LP streae | 230 


oo 
S 
: 


Input Pulse Width Stop, Limit tis 600 1100 1 clk 
| + 100 ns 

Input Pulse Width Index, Index ty 1600 3100 3 clk 
: + 100 ns 

Input Pulse Width CHA, CHB tise. 1600 3100 3 clk 
: + 100 ns 

Delay CHA to CHB Transition 1100 1 clk 
. + 100 ns 






Input Rise/Fall Time CHA, CHB, 
Index 







450 900 (clk 


< 1 MHz) 


fat 


11 | Input Rise/Fall Time Reset, ALE, 
CS, OE, Stop, Limit 


Input Pulse Width ALE, CS 
Delay Time, ALE Fall to CS Fall 
4| Delay Time, ALE Rise to CS Rise 


15 | Address Setup Time Before 
ALE Rise t 


ASRI1 
Address Setup Time Before CS 
Fall 


Write Data Setup Time Before 
CS Rise 

Address/Data Hold Time 

Setup Time, R/W Before CS Rise 


Hold Time, R/W After CS Rise 
Delay Time, Write Cycle, CS 
Rise to ALE Fall 

Delay Time, Read/Write, CS 
Rise to CS Fall 


3 | Write Cycle, ALE Fall to ALE 
Fall For Next Write 











2] 8 
© 


bo Or 
ele | sls [alee] | 


or 
© 


“at - 
Oo] Oo 


12 


a) 
ec 


a 


ct 
oO 
© 


Q 
> 


6 


bo 
a) 


tasr 


17 


bo 
© 


do bo Ov} Ov 
= | sis fess] | 


se 
ee 


Q 

we 
bo 
© 


elefsls 
i) 

dN | d&S 

o}o 


a" 
aj 
© 
© 
a) 
1S 
i) 
fo) 


gS 
ou gis 
GOB 
mi, 
pont 
or 
(on) 
Ae 





NO} bo] | & be 
me} Oo}; OO] C 


3.4 clk 
2 


oo 
co) 
—) 
an) 


3 clk 


do 


<* 
1s) 
Or 
wo 
© 


C 


—_ 
oO 
oy) 
© 


3.7 clk 


do 
Ns) 


AC Electrical Characteristics, continued 


24 | Delay Time, CS Rise to OE Fall t 3 clk 


+ 200 ns 


QD 
a 
) 
i) 
— 
~j 
i) 
>) 
3 
to 
i) 
i) 


25 | Delay Time, OE Fall to Data 
Bus Valid 


Delay Time, CS Rise to Data 


© 
ee 
~) 
wm 
_ 
a 
=) 


= 
i] 
—) 


bo 


6 
Bus Valid 


27 | Input Pulse Width OE t 
Hold Time, Data Held After 
OE Rise Gs 


Delay Time, Read Cycle, CS 
Rise to ALE Fall 


3300 
3320 

Read Cycle, ALE Fall to ALE 
Fall For Next Read 3450 
1000 
18000 





= 
fe) 
& 
bd 
>) 
8 


oe) 

ee s) 

ee) w 
ened 
bo oO 
© >) 
oO 


3 clk 
+ 320 ns 


or 
co] 
i) 


30 
3 clk 
+ 450 ns 


Output Pulse Width, PROF, 
INIT, Pulse, Sign, PHA-PHD, 


MC Port 1 clk 


32 


Output Rise/Fall Time, PROF, 
INIT, Pulse, Sign, PHA-PHD, 


MC Port 


bo 


150 





33 | Delay Time, Clock Rise to 
Output Rise tes 20 300 


we) ies) ) ho No 
—_ de) co 


R 
4 | Delay Time, CS Rising to MC 
Port Valid oo 1600 3200 3.2 clk 
35 | Hold Time, ALE High After 
CS Rise ae 100 100 
36 | Pulse Width, ALE High 100 ae Fo 100 ae 
37 | Pulse Width, SYNC Low tere | 9000 _ 18 clk po 


*General formula for determining AC characteristics for other clock frequencies (clk), between 100 kHz and 2 MHz. 
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HCTL-1100 I/O Timing Diagrams 


Input logic level values are the TTL Logic levels V,, = 0.8 V and V,,, = 2.0 V. Output logic levels are Vee 
= 0.4 V and V,,, = 2.4 V. 





SYNC © 





CLOCK 





PROF 
INIT 
SIGN 
PULSE 
PHASE 
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HCTL-1100 I/O Timing Diagrams 


There are three different timing configurations which can be used to give the user flexibility to interface 
the HCTL-1100 to most microprocessors. See the I/O interface section for more details. 


ALE/CS NON OVERLAPPED 





Write Cycle @) 
li ® —+\(6) 
ae XY YAXKXKXY 
(21 
C1) 1) @ C1) 
asl 


(19) 20) 


ED O00:00005050500.0.0.0.0010 Sa I OOcOcOcOZOO‘OcOre 





- ! 
4 
© 
a 
@ 
(8) 
& 





LEAK KE KX ERE KLKERYY 
29) 


26) 





_—__— 
SOUNONNANMAG, XXX KX XX KK XXKXKKERE 
| CY) @ 


: bumetbeusd 


(5) 8) 28) 


G8) 
woe KX vauasoness KX XAXMKAKAKAM ——_vasoare KX 
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HCTL-1100 I/O Timing Diagrams 


ALE/CS OVERLAPPED 







Write Cycle 
(23) — 
@ @ @ | 2 ; 
“YR KRY 
(14) 21) 
ee 


(3) 


} 20) 
SRK] RR 


juan Cope amen Rea ie a 
woe KKM varoanoness  KXKKM ——vasnonra KX XXAXXA 


Read Cycle 
@ 
a ee 
@ 
26) 
24) 
PS 
WOO XXXXXXXXXXXXXXXKXKKMKS 


Te FF 
* : 


XXXKXXXKXAM ___vanwowe KX 










jie Come ae 
“XXX eee 
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HCTL-1100 /O Timing Diagrams 


ALE WITHIN CS 


Write Cycle 












XXX 


Read Cycle 69) 


—»4(36) -«}— 


@ (2) @ 
“ON, RREE EE KXXXXRR ERR 
® 29) = 


@ “ 
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© © @ @ | 
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Pin Descriptions and Functions 
Input/Output Pins 


- ae — 
ADO/DBO- 3-8 Address/Data Bus: — Lower 6 bits of 8-bit I/O port which are 
AD5/DB5 multiplexed between address and data. 


Input a Nei 










Pin a | 
Symbol | PDIP | PLCC | Description 


CHA/CHB | 31, 30| 34, 33 | Channel A, B — Input pins for position feedback from an incremental 
shaft encoder. Two channels, A and B, 90 degrees out of pha’se are 


required. 


Read/Write — Determines direction of data exchange for the I/O port. 


38 Address Latch Enable — Enables lower 6 bits of external data bus into 
internal address latch. 


39 43 Chip Select — Performs I/O operation dependent on status of R/W line. 
For a Write, the external bus data is written into the internal 
addressed location. For Read, data is read from an internal location 


_ into an internal output latch. 
40 AA Output Enable — Enables the data in the internal output latch onto the | 
_external data bus to complete a Read operation. 


14 Limit Switch — An internal flag which when externally set, triggers an 
unconditional branch to the Initialization/Idle mode before the next 
control sample is executed. Motor Command is set to zero. Status of 


Index Pulse — Input from the reference or index pulse of an incre- 
mental encoder. Used only in conjunction with the Commutator, Either 
a low or high true signal can be used with the Index pin. See Timing 
Diagrams and Encoder Interface section for more detail. 





the Limit flag is monitored in the Status register. 


during Integral Velocity Control mode, the Motor Command is 


Stop Flag — An internal flag that is externally set. When flag is set 
decelerated to a stop. 


Reset — Ahard reset of internal circuitry and a branch to Reset mode. 
External Clock 
Voltage Supply — Both V,,, pins must be connected to a 5.0 volt supply. 


Circuit Ground 
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Output Pins 


Pin Number 
Symbol PLCC 


MCO0-MC7 | 18-25 | 20-22, 
24-28 


Pulse 1 


Sign 
PHA-PHD 
Prof 12 13 


—_ 
bo 
CO] ee 
eo | © 
bo 


Init 13 14 


Description 


is in the Initialization/Idle mode. 


Pin Functionality 
SYNC Pin 

The SYNC pin is used to syn- 
chronize two or more ICs. It is 
only valid in the INIT/IDLE 
mode.(see Operating the HCTL- 
1100). When this pin is pulled 
low, the internal sample timer 
is cleared and held to zero. 
When the level on the pin is 
returned to high, the internal 
sample timer instantly starts 
counting down from the pro- 
grammed value. 








Connecting all SYNC pins 
together in the system and 
pulsing the SYNC signal from 
the host processor will syn- 
chronize all controllers. 


Limit Pin 

This emergency-flag input is 
used to disable the control 
modes of the HCTL-1100. A low 
level on this input pin causes 
the internal Limit flag to be set. 
If this pin is NOT used, it must 
be pulled up to V,,. If it is not 
connected, the pin could float 
low, and possibly trigger a false 
emergency condition. 


The Limit flag, when set in any 
control mode, causes the HCTL- 
1100 to go into the Initializa- 
tion/Idle mode, clearing the 
Motor Command and causing an 
immediate motor shutdown. 
When the Limit flag is set, none 
of the three control mode flags 
(FO, F3, or F5) are cleared as 
the HCTL-1100 enters the In- 
itialization/Idle mode. The user 
should be aware that these flags 
are still set before commanding 
the HCTL-1100 to re-enter one 
of the four control modes from 
Initialization/Idle mode. 


In general, the user should clear 
all control mode flags after the 
limit pin has been pulled low, 
then proceed. 





Stop Pin 

The Stop flag affects the HCTL- 
1100 only in the Integral 
Velocity Mode. 


When a low level is present on 
this emergency-flag input, the 
internal stop flag is set. If this 
pin is NOT used, it must be 
pulled up to V,,.. If it is not 
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Motor Command Port — 8-bit output port which contains the digital 
motor command adjusted for easy bipolar DAC interfacing. MC7 is 
the most significant bit (MSB). 


18 Pulse — Pulse width modulated signal whose duty cycle is proportional 
to the Motor Command magnitude. The frequency of the signal is 
External Clock/100 and pulse width is resolved into 100 external clocks. 


Sign — Gives the sign/direction of the pulse signal. 
Phase A, B, C, D— Phase Enable outputs of the Commutator. 


Profile Flag — Status flag which indicates that the controller is execut- 
ing a profiled position move in the Trapezoidal Profile Control mode. 


Initialization/Idle Flag — Status flag which indicates that the controller 


connected, the pin could float 
low, and possibly trigger a false 
emergency condition. 


When the STOP flag is set, the 
system will come to a deceler- 
ated stop and stay in this mode 
with a command velocity of zero 
until the Stop flag is cleared 
and a new command velocity is 
specified. 


Notes on Limit and Stop 
Flags 

Stop and Limit flags are set by a 
low level input at their respec- 
tive pins. The flags can only be 
cleared when the input to the 
corresponding pin goes high, 
signifying that the emergency 
condition has been corrected, 
AND a write to the Status regis- 
ter (RO7H) is executed. That is, 
after the emergency pin has 
been set and cleared, the flag 
also must be cleared by writing 
to RO7H. Any word that is writ- 
ten to RO7H after the emer- 
gency pin is set and cleared will 
clear the emergency flag. The 
lower four bits of that word will 
also reconfigure the Status 
register. 


a 
3 
Zc 
2 
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iz 
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E 
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Encoder Input Pins (CHA, 
CHB, INDEX) 

The HCTL-1100 accepts TTL 
compatible outputs from 2 and 3 
channel incremental encoders 
such as the HEDS-5XXX, 6XXX, 
and 9XXX series encoders. 
Channels A and B are internally 
decoded into quadrature counts 
which increment or decrement 
the 24-bit position counter. For 
example, a 500-count encoder is 
decoded into 2000 quadrature 
counts per revolution. The 
position counter will be incre- 
mented when Channel B leads 
Channel A. The Index channel 
is used only for the Commutator 
and its function is to serve as a 
reference point for the internal 
Ring Counter. 


The HCTL-1100 employs an 
internal 3-bit state delay filter 
to remove any noise spikes from 
the encoder inputs to the HCTL- 
1100. This 3-bit state delay 
filter requires the encoder in- 
puts to remain stable for three 
consecutive clock rising edges 
for an encoder pulse to be | 
considered valid by the HCTL- 
1100's actual position counter 
(i.e., an encoder pulse must 
remain at a logic level high or 
low for three consecutive clock 
rising edges for the HCTL- 
1100's actual position counter to 
be incremented or 
decremented.) The designer 
should therefore generally avoid 
creating the encoder pulses of 
less than 3 clock cycles. 


The index signal of an encoder 
is used in conjunction with the 
Commutator. It resets the 
internal ring counter which 
keeps track of the rotor position 
so that no cumulative errors are 
generated. 


The Index pin of the HCTL- 
1100 also has a 3-bit filter on its 
input. The Index pin is active 
low and level transition 
sensitive. It detects a valid high- 
to-low transition and qualifies 
the low input level through the 
3-bit filter. At this point, the 
Index signal is internally 
detected by the commutator 
logic. This type of configuraiton 
allows an Index or Index signal 
to be used to generate the 
reference mark for commutator 
operation as long as the AC 
specifications for the Index 
signal are met. 





Motor Command Port (MC0- 
MC7) 
The 8-bit Motor Command port 


consists of register RO8H whose 


data goes directly to external 
pins MCO-MC7. MC7 is the 
most significant bit. RO8H can 
be read and written to, however, 
it should be written to only 
during the Initialization/Idle 
mode. During any of the four 
Control modes, the controller 
writes the motor command into 
RO8H. 


This topic is further discussed 
in the “Register Section” under 
“Motor Command Register 
RO8H”., - 


Pulse Width Modulation 
(PWM) Output Port (Pulse, 
Sign) ; 

The PWM port consists of the 
Pulse and Sign pins. The PWM 
port outputs the motor 
command as a pulse width 
modulated signal with the 
correct polarity. This topic is 
further discussed in the 
“Register Section” under “PWM 
Motor Command Register 
RO9H”. 
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Trapezoid Profile Pin (Prof) 
The Trapezoid Profile Pin is 
internally connected to software 
flag bit 4 in the Status Register. 
This flag is also represented by 
bit 0 in the Flag Register 
(ROOH). See the “Register 
Section” for more information. 
Both the Pin and the Flag 
indicate the status of a trape- 
zoid profile move. When the 
HCTL-1100 begins a trapezoid 
move, this flag is set by the 
controller (a high level appears 
on the pin), indicating the move 
is in progress. When the HCTL- 
1100 finishes the move, this flag 
is cleared by the controller. 


Note that the instant the flag is 
cleared may not be the same 
instant the motor stops. The 
flag indicates the completion of 
the command profile, not the 
actual profile. If the motor is 
stalled during the move, or can- 
not physically keep up with the 
move, the flag will be cleared 
before the move is finished. 


INIT/IDLE Pin (INIT) 

This pin indicates that the 
HCTL-1100 is in the INIT/IDLE 
mode, waiting to begin control. 
This pin is internally connected 
to the software flag bit 5 in the 
Status Register RO7H. This flag 
is also represented by bit 1 in 
the Flag Register (ROOH) (See 
the “Register Section” for more 
information). | 


Commutator Pins (PHA- 
PHD) | 
These pins are connected only 
when using the commutator of 
the HCTL-1100 to drive a 
brushless motor or step motor. 
The four pins can be 
programmed to energize each 
winding on a multiphase motor. 


Operation of the accessible. These registers functional block diagram of the 

HCTL-1100 contain command and HCTL-1100 which shows the 
configuration information role of the user-accessible 

Registers necessary to properly run the registers is also included in 

The HCTL-1100 operation is controller chip. The 35 user- Figure 3. The other 29 registers 

controlled by a bank of 64 8-bit accessible registers are listedin —_are used by the internal CPU as 

registers, 35 of which are user Tables 1 and 2. The register scratch registers and should not 
number is also the address. A be accessed by the user. 


POSITION PROFILE GENERATION 


INTEGRAL TRAPEZOIDAL 
VELOCITY PROFILE 


R27H ACCEL MSB | R27H ACCEL MSB 


eee 88 @ 
R26H ACCEL LSB | R26H ACCEL LSB 


R3CH COMMAND | R28H MAXIMUM VELOCITY 
VELOCITY R2BH FINAL POS MSB 
R2AH FINAL POS 
R29H FINAL POS LSB 





—<—q © e@ 66 @ 









COMMAND VELOCITY 


R24H MSB 
R23H LSB 


COMMAND POSITION 


ROCH MSB 
RODH 
ROEH LSB 




















8-BIT PARALLEL 
MOTOR COMMAND 
PORT 






DIGITAL FILTER 







CONFIGURATION 
REGISTERS 





















ROOH FLAG REGISTER Sz 281250) 
RO5H PROGRAM COUNTER NY = R20H A 
RO7H STATUS REGISTER } R21H B PWM MOTOR PULSE 
| 
Per es Sh eA cae ats! 
| 
MS Ad okt 


ROFH 





COMMUTATOR PORT 


R18H RING 

R1AH X 

R1BH Y 

R1CH OFFSET | 
R1FH MAX ADVANCE 
R19H VELOCITY TIMER 


ACTUAL VELOCITY 


R35H MSB 
R34H LSB 
B = ® POSITION CONTROL MODE 


e INTEGRAL VELOCITY CONTROL MODE 
® TRAPEZOIDAL PROFILE MODE 





ACTUAL POSITION 


R12H MSB R15H 
R13H R16H 
R14H LSB R17H 









PHA-PHD 





A = @ PROPORTIONAL VELOCITY 
CONTROL MODE 


QUADRATURE DECODER 


CHA CHB 


Figure 3. Register Block Diagram 
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Table 1. Register Reference By Mode 





Register 


Function 
General Control 
ROOH ROOD Flag Register 
R05H RO05D Program Counter 
RO7H RO07D Status Register 
ROFH R15D Sample Timer 
R12H R18D Read Actual Position MSB 
R13H R19D Read Actual Position 
R14H R20D Read Actual Position LSB 
R15H R21D Preset Actual Position MSB 
R16H R22D Preset Actual Position 
R17H R23D Preset Actual Position LSB 
Output Registers 
RO7H RO7D Sign Reversal Inhibit 
RO8H RO8D 8 bit Motor Command 
RO9H RO9D PWM Motor Command 
Filter Registers 
R20H R32D Filter Zero, A 
R21H R33D Filter Pole, B 
R22H R34D Gain, K 
Commutator Registers 
RO7H RO7D Status Register 
R18H R24D Commutator Ring 
R19H R25D Velocity Timer 
R1iAH R26D X 
R1BH R27D Y Phase Overlap 
R1CH R28D Offset 
R1FH R31D Max. Phase Advance 






Position Control Mode 


ROOH 
R12H 
R13H 
R14H 
ROCH 
RODH 
ROEH 


ROOD 


~ R18D 
~ R19D 
~ R20D 


R12D 
R13D 


R14D © 


Flag Register 

Read Actual Position MSB 
Read Actual Position 
Read Actual Position LSB 
Command Position MSB 
Command Position 
Command Position LSB 
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Data Type!!! 


scalar 

scalar 

2’s Complement 
2’s Complement 
2’s Complement 
2’s Complement 
2’s Complement 
2’s Complement 


2’s Complement+80H 


2’s Complement 


scalar'®”] 
scalar 
scalar] 
scalar'®”) 

2’s Complement”! 
scalar!) 


2’s Complement 
2’s Complement 


2’s Complement 
2’s Complement 
2’s Complement 
2’s Complement 


User 
Access 


r/w 
r/w 
r/w!2] 
r/w 
ri 


p4Yyis) 
ri] 

wi] 
w'8] 
wis] 


r/wel 
r/w 


r/w 
r/w 
r/w 
r/w 


r/w 
rif 


Vw) 
rfl 
r/wisl 
r/w'] 
r/wi3l 


CONTROL 


2 
2 
a 
i 
S 
S 





Table 1. Continued 


User 
| Hex | Dec. | Function Data Type Access 


Trapezoid Profile Control Mode 


ROOH ROOD Flag Register - r/w 
RO7H RO7D Status Register - r/w®! 
R12H R18D Read Actual Position MSB 2’s Complement y'4 
R13H R19D Read Actual Position 2’s Complement r4]/w5) 
R14H R20D Read Actual Position LSB 2’s Complement y{4] 
R29H R41D Final Position LSB 2’s Complement r/w 
R2AH R42D Final Position 2’s Complement r/w 
R2BH R43D Final Position MSB 2’s Complement r/w 
R26H R38D Acceleration LSB scalar r/w 
R27H R39D Acceleration MSB scalar! r/w 
R28H R40D Maximum Velocity scalar®! r/w 


Integral Velocity Mode 

ROOH ROOD Flag Register - r/w 
R12H R18D Read Actual Position MSB 2’s Complement y4) 
R13H R19D Read Actual Position 2’s Complement r4/we! 
R14H R20D Read Actual Position LSB 2’s Complement r!4] 
R26H R38D Acceleration LSB scalar r/w 
R27H R39D Acceleration MSB scalar'®! r/w 
R3CH R60D Command Velocity 2’s Complement r/w 


Proportional Velocity Mode 

ROOH ROOD Flag Register - r/w 
R12H R18D Read Actual Position MSB 2’s Complement r{4] 
R1i3H R19D Read Actual Position 2’s Complement ri4l/wi! 
R14H R20D Read Actual Position LSB 2’s Complement y{4] 
R23H R35D Command Velocity LSB 2’s Complement r/w 
R24H R36D Command Velocity MSB 2’s Complement r/w 
R34H R52D Actual Velocity LSB 2’s Complement r 
R35H R53D Actual Velocity MSB 2’s Complement r 





Notes: 

Consult appropriate section for data format and use. 

Upper 4 bits are read only. 

Writing to ROEH (LSB) latches all 24 bits. 

Reading R14H (LSB) latches data in R12H and R13H. 

Writing to R13H clears Actual Position Counter to zero. 

The scalar data is limited to positive numbers (00H to 7FH). 

The commutator registers (R18H, R1CH, R1FH) have further limits which are discussed in the Commutator section of this 
data sheet. 

Writing to R17H (R23D) latches all 24 bits (only in INIT/IDLE mode). 


2S oe eS 


~ 
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Table 2. Register Reference Table by Register Number 


Function 


Flag Register 

Program Counter 

Status Register 

8 bit Motor Command Port 


PWM Motor Command Port 
Command Position (MSB) 


Command Position 
Command Position (LSB) 


Sample Timer 

Read Actual Position (MSB) 
Read Actual Position 

Read Actual Position (LSB) 
Preset Actual Position (MSB) 
Preset Actual Position 
Preset Actual Position (LSB) 
Commutator Ring 
Commutator Velocity Timer 


Y Phase Overlap 

Offset | 

Maximum Phase Advance 
Filter Zero, A 


Filter Pole, B 


Gain, K 

Command Velocity (LSB) 
Command Velocity (MSB) 
Acceleration (LSB) 


Acceleration (MSB) 


Maximum Velocity 
Final Position (LSB) 
Final Position 

Final Position (MSB) 
Actual Velocity (LSB) 
Actual Velocity (MSB) 
Command Velocity 


Notes: 

. Consult appropriate section for data format and use. 

. Upper 4 bits are read only. 

. Writing to ROEH (LSB) latches all 24 bits. 

. Reading R14H (LSB) latches data in R12H and R13H. 

. Writing to R13H clears Actual Position Counter to zero. 

. The scalar data is limited to positive numbers (00H to 7FH). 


NAG aH NE 


data sheet. 


Mode Used 


All except Proportional 
Velocity 

All except Proportional 
Velocity 


INIT/IDLE 
INIT/IDLE 
INIT/IDLE 


All except Proportional 
Velocity 
All except Proportional 
Velocity 
All 
Proportional Velocity 
Proportional Velocity 
Integral Velocity and 
Trapezoidal Profile 
Integral Velocity and 
Trapezoidal Profile 
Trapezoidal Profile 
Trapezoidal Profile 
Trapezoidal Profile 
Trapezoidal Profile 
Proportional Velocity 
Proportional Velocity 
Integral Velocity 


8. Writing to R17H (R23D) latches all 24 bits (only in INITADLE mode). 
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scalar 


_ 2's complement 


+ 80H 
2's complement 
2's complement 


2's complement 


2's complement 


- gcalar 


2's complement 
2's complement 


2's complement | 
2's complement. 


2's complement 
2's complement 
scalar!®7] 
scalar 

scalar! 
scalar!6l 


2's complement!”! 


scalar!67) 
scalar 


scalar 


scalar 
2's complement 
2's complement 
scalar 


scalar! 


scalar 

2's complement 
2's complement 
2's complement 
2's complement 
2's complement 
2's complement 


User 
Access | 


r/w 


ge 
r/w'?] 


r/w 
r/w 


r/w'3) 
r/w'3] 
r/w'3! 


r/w 
yi4] 
yl4)/y'5) 
yi4l 
wis] 
wil 
wil 
r/w 
Ww 
r/w 
r/w 
r/w 


-r/w 


r/w 
r/w 


r/w 
r/w 
r/w 
r/w 


r/w 
r/w 


r/w 
r/w 





. The commutator registers (R18H, R1CH, R1FH) have further limits which are discussed in the Commutator section of this 


Register Descriptions - 
General Control, 
Output, Filter, and 
Commutator 


Flag Register (ROOH) 

The Flag register contains flags 
FO through F5. This register is 
a read/write register. Each flag 
is set and cleared by writing an 
8-bit data word to ROOH. When 
writing to ROOH, the upper four 
bits are ignored by the HCTL- 
1100, bits 0,1,2 specify the flag 
address, and bit 3 specifies 
whether to set (bit=1) or clear 
(bit=0) the addressed flag. 


Flag Descriptions 
F0-Trapezoidal Profile Flag — 
set by the user to execute 
Trapezoidal Profile Control. The 
flag is reset by the controller 
when the move is completed. 
The status of FO can be 
monitored at the Profile pin and 
in Status register RO7H bit 4. 


F1-Initialization/Idle Flag — set/ 
cleared by the HCTL-1100 to 
indicate execution of the 
Initialization/Idle mode. The 
status of F1 can be monitored at 
the Initialization/Idle pin and in 
bit 5 of the Status register 
(RO7H). The user should not 
attempt to set or clear F1. 


F2—Unipolar Flag — set/cleared 
by the user to specify Bipolar 
(clear) or Unipolar (set) mode 
for the Motor Command port. 


F3—Proportional Velocity 
Control Flag — set by the user to 
specify Proportional Velocity 
control. 


F4—Hold Commutator flag — set/ 
cleared by the user or auto- 
matically by the Align mode. 
When set, this flag inhibits the 
internal commutator counters to 


allow open loop stepping of a 
motor by using the commutator. 
(See "Offset register" 
description in the "Commutator 
section.") 


F5-Integral Velocity Control — 
set by the user to specify 
Integral Velocity Control. Also 
set and cleared by the HCTL- 
1100 during execution of the 
Trapezoidal Profile mode. This 
is transparent to the user except 
when the Limit flag is set (see 
"Emergency Flags” section). 


Writing to the Flag Register 
When writing to the flag 
register, only the lower four bits 
are used. Bit 3 indicates 
whether to set or clear a certain 
flag, and bits 0,1,and 2 indicate 
the desired flag. The following 
table shows the bit map of the 
Flag register: 


Bit Number 


Don't Care 
1 = set 

0 = clear 
AD2 
AD1 
ADO 








The following table outlines the 
possible writes to the Flag 
Register: . 





Reading the Flag Register 
Reading register ROOH returns 
the status of the flags in bits 0 
to 5. For example, if bit 0 is set 
(logic 1), then flag FO is set. If 
bit 4 is set, then flag F4 is set. If 
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bits 0 and 5 are set, then both 
flags FO and F5 are set. 


The following table outlines the 
Flag Register Read: 


Don't Care 
F5 


F4 
F3 
F2 
F1 
FO 





Notes: 

1. A soft reset (writing 00H to RO5H) 
will not reset the flags in the flag reg- 
ister. A hard reset (RESET pin low) 
is required to reset all the flags. The 
flags can also be reset by writing the 
proper word to the Flag register as 
explained above. 

. While in Trapezoid Profile Mode, 
Flag FO will be set, and Flag F5 may 
be set. F5 is used for internal pur- 
poses. Both flags will be cleared at 
the end of the profile. 


iw) 


Program Counter Register 
(RO5H) 

The Program Counter, which is 
a write-only register, executes 
the preprogrammed functions of 
the controller. The program 
counter is used along with the 
control flags FO, F3, and F5 in 
the Flag register (ROOH) to 
change control modes. The user 
can write any of the following 
four commands to the Program 
Counter. 


Action 
Software Reset 
Enter Init/Idle Mode 


Enter Align Mode 
(only from INIT/ 
IDLE Mode) 


Enter Control Mode 
(only from INIT/ 
IDLE Mode) 








These Commands are discussed 
in more detail in the “Operating 
Modes” section. 


Status Register (RO7H) 
The Status register indicates 
the status of the HCTL-1100. 


Each bit decodes into one signal. 


All 8 bits are user readable and 
are decoded as shown below. 
Only the lower 4 bits can be 
written to by the user to 
configure the HCTL-1100. To 
set or clear any of the lower 4 
bits, the user writes an 8-bit 
word to RO7H. The upper 4 bits 
are ignored. Each of the lower 4 
bits directly sets/clears the 
corresponding bit of the Status 
register as shown below. For 
example, writing XXXX0101 to 
RO7H sets the PWM Sign 


Table 3. Status Register 








0 = off 


l=on 















1 = full 









Stop Flag 





Limit Flag 











Commutator Phase Configuration 
0 = 3 phase 
1 = 4 phase 


Commutator Count Configuration 
0 = quadrature 


Reversal Inhibit, sets the 
Commutator Phase 
Configuration to "3 Phase", and 
sets the Commutator Count 
Configuration to "full". 


Motor Command Register | 


(RO8H) 
The 8-bit Motor Command Port 
consists of register RO8H. The 


register is connected to external 


pins MCO-MC7. MC7 is the 
most significant bit. RO8H can 
be read and written to; however, 
it should be written to only in 
the Initialization/Idle mode. 
During any of the four control 
modes, the HCTL-1100 writes 
values to register RO8H. 


The Motor Command Port | 
operates in two modes, bipolar 


PWM Sign Reversal Inhibit 







Should always be set to 0 


Trapezoidal Profile Flag FO 
1 = in Profile Control 


Initialization/Idle Flag F1 
1 = in Initialization/Idle Mode © 








0 = set (Stop triggered) 
1 = cleared (no Stop) 


0 = set (Limit triggered) 
1 = cleared (no Limit) 
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and unipolar, when under 
control of internal software. 
Bipolar mode allows the full 
range of values in RO8H (-128D | 
to +127D). The data written to 
the Motor Command Port by the 
control algorithms is the 
internally computed 2’s- | 
complement motor command 
with an 80H offset added. This 
allows direct interfacing to a 
DAC. Connecting the Motor 
Command Port to a DAC, 
Bipolar mode allows the full 
voltage swing (positive and 
negative). 


Unipolar mode functions such 
that with the same DAC circuit, 
the motor command output is 
restricted to positive values 
(80H to FFH) when in a control 
mode. Unipolar mode is used 
with multi-phase motors when. 
the commutator controls the 
direction of movement. (If 
needed, the Sign pin could be 
used to indicate direction). In 
Unipolar mode, the user can 
still write a negative value to 
RO8H in INIT/VIDLE mode. 


Unipolar mode or Bipolar mode 
is programmed by setting or 
clearing flag F2 in the Flag 
Register ROOH. 


Internally, the HCTL-1100 
operates on data of 24, 16 and 
8-bit lengths to produce the 
8-bit motor command, available 
externally. Many times the 
computed motor command will 
be greater than 8 bits. At this 
point, the motor command is 
saturated by the controller. The 
saturated value output by the 
controller is not the full scale 
value 00H (00D), or FFH 


(255D). The saturated value is 
adjusted to OFH (15D) (negative 
saturation) and FOH (240D) 
(positive saturation). Saturation 
levels for the Motor Command 
port are in Figure 4. 


PWM Motor Command 
Register (RO9H) 

The PWM port outputs the 
motor command as a pulse 
width modulated signal with 
the correct sign of polarity. The 
PWM port consists of the Pulse 
and Sign pins and ROQH. 


UNIPOLAR —__ 
OPERATION 


DIGITAL FILTER OUTPUT 
(2's COMPLEMENT) 


-128D 
(80H) 


(-) MOTGR COMMAND oD 
OUTPUT (OOH) 
[2's COMPLEMENT +80H] 


BIPOLAR 
OPERATION 


The PWM signal at the Pulse 
pin has a frequency of External 
Clock/100 and the duty cycle is 
resolved into the 100 clocks. 
(For example, a 2 MHz clock 
gives a 20 KHz PWM 
frequency). 


The Sign pin gives the polarity 
of the command. Low output on 
Sign pin is positive polarity. 


The 2's-complement contents of 
RO9H determine the duty cycle 
and polarity of the PWM 


+VOuUT 
(VOLTS) 


2.5V 


64D 
(40H) 


= 


er ee re SUE ee | ne 


eee eee ees cee re ee ee eee 


© 
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il 
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5°. 
E 
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command. For example, D8H 
(40D) gives a 40% duty cycle 
signal at the Pulse pin and 
forces the Sign pin high. Data 
outside the 64H (+100D) to 9CH 
(—100D) linear range gives 100% 
duty cycle. RO9H can be read 
and written to. However, the 
user should only write to RO9H 
when the controller is in the 
Initialization/Idle mode. 

Figure 5 shows the PWM output 
versus the internal motor 
command. 


BOTH BIPOLAR 
~<«——--- AND UNIPOLAR 
OPERATION 


— 


DIGITAL FILTER OUTPUT 
(2's COMPLEMENT) 


112D 127D 
(70H) (7FH) 





192D 
(COH) 


-VouT 
(VOLTS) 


Figure 4. Motor Command Port Output 
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i 
(+) MOTOR COMMAND 
OUTPUT 

(2's COMPLEMENT +80H] 


240D 255D 
(FOH) (FFH) 





When any Control mode is being 
executed, the unadjusted 
internal 2's-complement motor 
command is written to RO9H. 
Because of the hardware limit | 
on the linear range (64H to 
9CH, +100D), the PWM port 
saturates sooner than the 8-bit 
Motor Command port (00H to 
FFH, +127D to —128D). When 
the internal motor command 
saturates above 8 bits, the PWM 
port is saturated to the full 
+100% duty cycle level. Figure 5 


SIGN = HIGH 
| | 
= 
pt 
| | | 
| | 
| | | 
| | | 
| | | 
| | | 
RO9H 
CONTENTS -128D ~100D -75D 
(80H) (9CH) (B5H) 
Vv 
SIGN 


PULSE 


shows the actual values ‘inside 
the PWM port. Note that the 
Unipolar flag, F2, does not 
affect the PWM port. 


For commutation of brushless 
motors with the PWM port, only 
use the Pulse pin from the PWM 
port as the commutator already 
contains sign information. apes 
Figure 9.) | 


The PWM port has an option 
that can be used with H-bridge 


PWM 
PULSE DUTY CYCLE (%) 


25 


-50D ' -25D OD 25D 50D 
(CEH) (E7H) (OOH) (19H) (32H) 


Figure 5. PWM Port Output 


Figure 6. Sign Reversal Inhibit 
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type amplifiers. The option is 
Sign Reversal Inhibit, which 
inhibits the Pulse output for one 
PWM period after a sign 

polarity reversal. This allows 
one pair of transistors to turn 
off before others are turned on 
and thereby avoids a short 
across the power supply. Bit 0 
in the Status register (RO7H) 
controls the Sign Reversal 
Inhibit option. Figure 6 shows. 
the output of the PWM port 
when Bit 0 is set. 


SIGN = LOW 


| 
| 
| 
| 
| 
| 
| 
| 
| 


ROSH 
75D 100D 127D CONTENTS 


(4BH) (64H) (7FH) 


TIME 


Actual Position Registers 
Read, Clear: R12H,R13H,R14H 
Preset : R15H,R16H,R17H 


The Actual Position Register is 
accessed by two sets of registers 
in the HCTL-1100. When 
reading the Actual Position 
from the HCTL-1100, the host 
processor will read Registers 
R12H(MSB), R13H, and 
R14H(LSB). When presetting 
the Actual Position Register, the 
processor will write to Registers 
R15H(MSB), R16H, and 
R17H(LSB). 


When reading the Actual 
Position registers, the order 
should be R14H, R13H, R12H. 
These registers are latched, 
such that, when reading 
Register R14H, all three bytes 
will be latched so that count 
data does not change while 
reading three separate bytes. 


When presetting the Actual 
Position Register, write to R15H 
and R16H first. When R17H is 
written to, all three bytes are 
simultaneously loaded into the 
Actual Position Register. 


Note that presetting the Actual 
Position Registers is only 
allowed while the HCTL-1100 is 
in INITADLE mode. 


The Actual Position Registers 
can be simultaneously cleared 
at any time by writing any 
value to R13H. 


Digital Filter Registers 
Zero (A) R20H 
Pole (B) R21H 
Gain (K) R22H 


All control modes use some part 
of the programmable digital 
filter D(z) to compensate for 
closed loop system stability. The 
compensation D(z) has the form: 


A 
K | z——— 
256 


D(z) = —————_—— [1] 
B 
4{|z+— 
| 256 
where: 


z = the digital domain operator 
K = digital filter gain (R22H) 
A = digital filter zero (R20H) 
B = digital filter pole (R21H) 


The compensation is a first-order 
lead filter which in combination 
with the Sample Timer T 
(ROFH) affects the dynamic step 
response and stability of the 
control system. The Sample 
Timer, T, determines the rate at 
which the control algorithm gets 
executed. All parameters, A, B, 
K, and T, are 8-bit scalars that 
can be changed by the user any 
time. 


As shown in equations [2] and 
[3], the digital filter uses 
previously sampled data to 
calculate D(z). This old 
internally sampled data is 
cleared when the Initialization/ 
Idle mode is executed. 
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In Position Control, Integral 
Velocity Control, and Trape- 
zoidal Profile Control the digital 
filter is implemented in the time 
domain as shown below: 


MC, = (K/4)(X_) - 
[(A/256)(K/4)(X,_,) + 
(B/256(MC_)) [2] 


where: 

n = current sample time 

n-1 = previous sample time 

MC, = Motor Command 
Output at n 

MC_ , = Motor Command 
Output at n-1 

X_ = (Command Position — 
Actual Position) at n 

X,_, = (Command Position — 

Actual Position) at n-1 


In Proportional Velocity control 
the digital compensation filter is 
implemented in the time 
domain as: 


MC, = (K/4)(Y,) [3] 
where: 


Y, = (Command Velocity — 
Actual Velocity) at n 


For more information on system 
sampling times, bandwidth, and 
stability, please consult 
Hewlett-Packard Application | 
Note 1032, Design of the HCTL- 
1000's Digital Filter Parameters 
by the Combination Method. 





Sample Timer Register 
(ROFH) ie ; 

The contents of this register set 
the sampling period of the 
HCTL-1100. The sampling 
period is: 


t = 16(T+1)(1/frequency of the 
external clock) [4] 


where: 
T = contents of register ROFH 


The Sample Timer has a limit 
on the minimum allowable 
sample time depending on the 
control mode being executed. 
The limits are given in Table 4 
below. _ 


The minimum value limits are 
to make sure the internal pro- 
grams have enough time to com- 
plete proper execution. 


The maximum value of T (ROFH) 
is FFH (255D). With a 2 MHz 
clock, the sample time can vary 
from 64 psec to 2048 psec. With 
a 1 MHz clock, the sample time 
can vary from 128 isec to 4096 
usec. 


Digital closed-loop systems with 
slow sampling times have lower 
stability and a lower bandwidth 
than similar systems with faster 
sampling times. To keep the © 
system stability and bandwidth — 
as high as possible the HCTL- 
1100 should typically be 


Table 4. 


programmed with the fastest 
sampling time possible. This 
rule of thumb must be balanced 
by the needs of the velocity 
range to be controlled. Velocities 
are specified to the HCTL-1100 
in terms of quadrature encoder 
counts per sample time. The 
faster the sampling time, the 
higher the slowest possible 
speed. 


Hardware Description 

The Sample Timer consists of a 
buffer and a decrement counter. 
Each time the counter reaches 
00H, the Sampler Timer Value 
T (value written to ROFH) is 
loaded from the buffer into the 
counter, which immediately 
begins to decrement from T. 


Writing to the Sample Timer 
Register 

Data written to ROFH will be 
latched into the internal buffer 
and used by the counter after it 
completes the present sample 
time cycle by decrementing to 


OOH. The next sample time will | 


use the newly written data. 


Reading the Sample Timer 
Register | 
Reading ROFH gives the values 
directly from the decrementing 
counter. Therefore, the data 
read from ROFH will have a 


value anywhere between T and | 


00H, depending where in the 


‘sample time cycle the counter is. 


ROFH Contents 
Control Mode Minimum Limit 


Position Control 
Proportional Velocity Control 
Trapezoidal Profile Control 


Integral Velocity Control 


07H(07D) 
07H(07D) 
OFH(15D) 
OFH(15D) 
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Example — : 

1. On reset, the value of the 
timer is pre-set to 40H. 

2. Reading ROFH shows 
3EH ...2BH...08H... 
3CH... _ 


Synchronizing Multiple Axes | 
Synchronizing multiple axes 
with HCTL-1100s can be 
achieved by using the SYNC pin 
as explained in the Pin Discus- 
sion section. Some users may 
not only want to synchronize 
several HCTL-1100s but also 
follow custom profiles for each 
axis. To do this, the user may 
need to write a new command 
position or command velocity 
during each sample time for the 
duration of the profile. In this 
case, data written to the HCTL- 
1100 has to be coordinated with | 
the Sample Timer. This is so 
that only one command position 
or velocity is received during 
any one sample period, and that 
it is written at the proper time | 
within a sample period. 7 


At the beginning of each sample 
period, the HCTL-1100 is 
performing calculations and | 
executions. New command 
positions and velocities should 
not be written to the HCTL- 
1100 during this time. If they 
are, the calculations may be 
thrown off and cause 
unpredictable control. - 


The user can read the Sample 
Timer Register to avoid writing | 
too early during a sample 
period. Since the Sample Timer 
Register continuously counts 
down from its programmed 
value, the user can check if 
enough time has passed in the 
sample period to insure the 
completion of the internal 
calculations. The length of time 
needed by the HCTL-1100 to do 


its calculations is given by the 
Minimum Limits of ROFH 
(Sample Timer Register) as 
shown in Table 4. For Position 
Control Mode, the user should 
wait for the Sample Timer to 
count down 07H from its 
programmed value before 
writing the next command 
position or velocity. If the 
programmed sample timer 
value is 39H, wait until the 
Sample Timer Register reads 
32H. Writing between 32H and 
OOH will make the command 
information available for the 
next sample period. 


Commutator 

Status Register (RO7H) 
Commutator Ring (R18H) 
X Register (R1AH) 
Y Phase Overlap (R1BH) 
Offset (R1CH) 
Max. Phase Advance (RI1FH) 
Velocity Timer (R19H) 


The commutator is a digital 
state machine that is configured 
by the user to properly select 
the phase sequence for 
electronic commutation of 
multiphase motors. The 
Commutator is designed to work 
with 2, 3, and 4-phase motors of 
various winding configurations 
and with various encoder 
counts. Along with providing 
the correct phase enable 
sequence, the Commutator 
provides programmable phase 
overlap, phase advance, and 
phase offset. 


Phase overlap is used for better 
torque ripple control. It can also 
be used to generate unique state 
sequences which can be further 
decoded externally to drive 
more complex amplifiers and 
motors. 


Phase advance allows the user 
to compensate for the frequency 
characteristics of the motor/ 
amplifier combination. By 
advancing the phase enable 
command (in position), the 
delay in reaction of the motor/ 
amplifier combination can be 
offset and higher performance 
can be achieved. 


Phase offset is used to adjust 
the alignment of the 
commutator output with the 
motor torque curves. By 
correctly aligning the HCTL- 
1100's commutator output with 
the motor's torque curves, 
maximum motor output torque 
can be achieved. 


The inputs to the Commutator 
are the three encoder signals, 
Channel A, Channel B, and 
Index, and the configuration 
data stored in registers. 
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The Commutator uses both 
channels and the index pulse of 
an incremental encoder. The 
index pulse of the encoder must 
be physically aligned to a known 
torque curve location because it 
is used as the reference point of 
the rotor position with respect 
to the Commutator phase 
enables. 


The index pulse should be 
permanently aligned during 
motor encoder assembly to the 
last motor phase. This is done 
by energizing the last phase of 
the motor during assembly and 
permanently attaching the 
encoder codewheel to the motor 
shaft such that the index pulse 
is active as shown in Figures 7 
and 8. Fine tuning of alignment 
for commutation purposes is 
done electronically by the Offset 
register (RICH) once the 
complete control system is set 
up. 
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Figure 7. Index Pulse Alignment to Motor Torque Curves. 
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Each time an index pulse 
occurs, the internal commutator 
ring counter is reset to 0. The 
ring counter keeps track of the 
current position of the rotor 
based on the encoder feedback. 
When the ring counter is reset 
to 0, the Commutator is reset to 
its origin (last phase going low, 
Phase A going high) as shown in 
Figure 10. 


The output of the Commutator is 
available as PHA, PHB, PHC, 


CHANNEL A & B DETECTORS 
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and PHD. The HCTL-1100's | 
commutator acts as the 
electrical equivalent of the 
mechanical brushes in a motor. 


_ Therefore, the outputs of the 
commutator provide only proper 


phase sequencing for 
bidirectional operation. The 
magnitude information is 
provided to the motor via the 
Motor Command and PWM 
ports. The outputs of the 
commutator must be combined 
with the outputs of one of the 
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Figure 8. Codewheel Index Pulse Alignment. 
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motor ports to provide proper 
DC brushless and stepper motor 
control. Figure 9 shows an 
example of circuitry which uses 
the outputs of the commutator 
with the Pulse output of the 
PWM port to control a DC 


brushless or stepper motor. A 
- similar procedure could be used 


to combine the commutator 
outputs PHA-PHD with a linear 
amplifier interface output 
(Figure 16) to create a linear 
amplifier system. 


ENCODER: 90 COUNTS/REVOLUTION 
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Figure 9. PWM Interface to Brushless DC Motors. 
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Figure 10. Commutator Configuration. 
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The Commutator is pro- 
grammed by the data in the 
following registers. Figure 10 
shows an example of the 
relationship between all the 
parameters. 


Status Register (R0O7H) 

Bit #1- 0 = 3-phase configura- 
tion, PHA, PHB, and 
PHC are active 
outputs. 

1 = 4-phase configura- 
tion, PHA — PHD 
are active outputs. 

Bit #2- 0 = Rotor position 
measured in quad- 

_ rature counts 

(4x decoding). 

1 = Rotor position 
measured in full 
counts (1 count = 1 
codewheel bar and 
space.) 


Bit #2 only affects the 
commutator's counting method. 
This includes the Ring register 
(R18H), the X and Y registers 
(R1AH & R1BH), the Offset 
register (R1CH), the Velocity 
Timer register (R19H), and the 
Maximum Advance register 
(R1FH). 


Quadrature counts (4x decoding) 
are always used by the HCTL- 
1100 as a basis for position, 
velocity, and acceleration 
control. 


Ring Register (R18H) 

The Ring register is defined as 1 
electrical cycle of the 
commutator which corresponds 
to 1 torque cycle of the motor. 
The Ring register is scalar and 
determines the length of the 
commutation cycle measured in 
full or quadrature counts as set 
by bit #2 in the Status register 
(RO7H). The value of the ring 
must be limited to the range of 
0 to 7FH. 


X Register (R1AH) 

This register contains scalar 
data which sets the interval 
during which only one phase is 
active. 


Y Register (R1BH) 

This register contains scalar 
data which set the interval 
during which two sequential 
phases are both active. Y is 
phase overlap. X and Y must be 
specified such that: 


X + Y = Ring/(# of phases) [5] 


These three parameters define 
the basic electrical commutation 
cycle. 


Offset Register (R1CH) 

The Offset register contains 
two's-complement data which 
determines the relative start of 
the commutation cycle with 
respect to the index pulse. Since 
the index pulse must be 
physically referenced to the 
rotor, offset performs fine 
alignment between the 
electrical and mechanical torque 
cycles. 


The Hold Commutator flag (F4) 
in the Status register (RO7H) is 
used to decouple the internal 
commutator counters from the 
encoder input. Flag (F4) can be 
used in conjunction with the 
Offset register to allow the user 
to advance the commutator 
phases open loop. This 
technique may be used to create 
a custom commutator alignment 
procedure. For example, in 
Figure 10, case 1, for a three- 
phase motor where the ring = 9, 
X = 3, and Y = 0, the phases can 
be made to advance open loop 
by setting the Hold Commutator 
flag (F'4) in the Flag register 
(RO7H). When the values 0, 1, or 
2 are written to the Offset 
register, phase A will be 
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enabled. When the values 3, 4 
or 5 are written to the Offset 
register, phase B will be 
enabled. And, when the values 
6, 7, or 8 are written to the 
Offset register, phase C will be 
enabled. No values larger than 
the value programmed into the 
Ring register should be | 
programmed into the Offset 
register. 


Phase Advance Registers 


(R19H, R1FH) 

The Velocity Timer register and 
Maximum Advance register 
linearly increment the phase 
advance according to the 
measured speed for rotation up 
to a set. maximum. | 


The Velocity Timer register 
(R19H) contains scalar data 
which determines the amount of 
phase advance at a given 
velocity. The phase advance is 
interpreted in the units set for 
the Ring counter by bit #2 in 
RO7H. The velocity is measured 
in revolutions per second. 


Advance = N,vAt [6] 


1 19H +1 
where: At = Bu ACO Ea [7] 


f external clk 


N, = full encoder counts/ 
revolution. 
v = velocity (revolutions/second) 


The Maximum Advance register 
(R1FH) contains scalar data 
which sets the upper limit for 
phase advance regardless of 
rotor speed. 


Figure 11 shows the 
relationship between the Phase 
Advance registers. Note: If the 
phase advance feature is not 
used, set both R19H and R1FH 
to 0. 
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Commutator 
Constraints and Use 


When choosing a three-channel 
encoder to use with a DC 
brushless or stepper motor, the 
user should keep in mind that 
the number of quadrature 
encoder counts (4x the number | 
of slots in the encoder's 
codewheel) must be an integer 
multiple (1x, 2x, 3x, 4x, 5x, etc.) 
of the number of pole pairs in 
the DC brushless motor or steps 
in a stepper motor. To take full 
advantage of the commutator's 
overlap feature, the number of 
quadrature counts should be at 
least 3 times the number of pole 
pairs in the DC brushless motor 
or steps in the stepper motor. | 
For example, a 1.8°, (200 step/ 
revolution) stepper motor 
should employ at least a 150 


ADVANCE 
(COUNTS) 
MAX 

ADVANCE 


SLOPE = Nyt 





slot codewheel = 600 quadrature 
counts/revolution = 3 x 200 
eee 


There are eveeal fancheal 
constraints the user should be 
aware of to use the Commutator. 


The parameters of Ring, X, Y, 
and Max Advance must be posi- 
tive numbers (00H to 7FH). 
Additionally, the following 
equation must be satisfied: 


‘(-128D) 80H < 3/2 Ring 


+ Offset + Max Advance 
< 7FH (127D) [8] 


In order to utilize the greatest 
flexibility of the Commutator, it 
must be realized that the 
Commutator works on a circular 
ring counter principle, whose | 
range is defined by the Ring 


VELOCITY 
(REVOLUTIONS/ 
SECOND) | 


Figure 11. Phase Advance vs. Motor Velocity. 
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register (R18H). This means 
that for a ring of 96 counts and 


a needed offset of 10 counts, 


numerically the Offset register 
can be programmed as OAH 
(10D) or AAH (-86D), the latter 
satisfying Equation 8. 


If bit #2 in the Status register is 
set to allow the commutator to 
count in full counts, a higher 
resolution codewheel may be 
chosen for precise motor control 
without violating the 
commutator constraints 
equation (Equation 8). 


Example: Suppose you want to 
commutate a 3-phase 15 deg/ 
step Variable Reluctance Motor 
attached to a 192 count encoder. 


1. Select 3-phase and 
quadrature mode for 
commutator by writing 0 to 
RO7H. 

2. With a 3-phase 15 degree/step 
Variable Reluctance motor 
the torque cycle repeats every 
45 degrees or 8 times/ 
revolution. 


3. Ring register , 
_(4N 192) countalvevelubion 


8/revolution 


= 96 quadrature counts 
= 1 commutation cycle 


4. By measuring the motor 
torque curve in both 
directions, it is determined — 
that an offset of 3 mechanical 
degrees, and a phase overlap. 
of 2 mechanical degrees is 
needed. 


(4) (192) 
360° | 
= 6 quadrature counts 


| Offset = 3° 


To create the 3 mechanical 
degree offset, the Offset 


register (R1CH) could be 
programmed with either A6H 
(-90D) or 06H (+06D). 
However, because 06H 
(+06D) would violate the 
commutator constraints 
Equation 8, A6H (-90D) is 
used. | 


(2°) (4) (192) 
360° 


4 


Hh 


Y = overlap = 


X+ Y = 96/3 


Therefore, X = 28 
Y=4 


For the purposes of this 
example, the Velocity Timer and 
Maximum Advance are set to 0. 


Operation Flowchart 
The HCTL-1100 executes any 
one of three setup routines or 
four control modes selected by 
the user. The three setup rou- 
tines include: 

— Reset 

— Initialization/Idle 

— Align. 


The four control modes avail- 
able to the user include: 

— Position Control 

— Proportional Velocity Control 
— Trapezoidal Profile Control 

— Integral Velocity Control 


The HCTL-1100 switches from 

one mode to another as a result 

of one of the following three 

mechanisms: 

1. The user writes to the Pro- 
gram Counter. 


2. The user sets/clears flags FO, | 


F3, or F5 by writing to the 
Flag register (ROOH). 

3. The controller switches auto- 
matically when certain initial 
conditions are provided by 
the user. 


This section describes the fine: 
tion of each setup routine and 


RESET PIN 
LOW 
























WRITE 62H 
TO RO5H 






FO, F3, F5 


WRITE 03H 
TO RO5H 


POSITION 
CONTROL 


WRITE OOH 
TO ROSH 


WRITE 01H 
TO ROSH 


SET/CLEAR FO, F3, OR F5* 


TRAPEZOIDAL 
PROFILE 
(CONTROLLER CLEARS 
FO AT THE END 
OF THE MOVE.) 


PROPORTIONAL 
VELOCITY 
CONTROL 


INTEGRAL 
VELOCITY 
CONTROL 





*Only one flag should be set at a time. 


Figure 12. Operation Flowchart. 


control mode and the initial con- 
ditions which must be provided 
by the user to switch from one 
mode to another. Figure 12 
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shows a flowchart of the setup 
routines and control modes, and 
shows the commands required 
to switch from one mode to 
another. 


; 
52 
38 
8 








Setup Modes 


Hard Reset 

Executed by: | 

-Pulling the RESET pin low 
(required at power up) 


When a hard reset is executed 
(RESET pin goes low), the fol- 
lowing conditions occur: 

— All output signal pins are held 
low except Sign, Data bus, 
and Motor Command. 

— All flags (FO to F5) are 
cleared. 

— The Pulse pin of the PWM __- 
port is set low while the Reset 
pin is held low. After the 
Reset pin is released (goes 
high) the Pulse pin goes high 
for one cycle of the external 
clock driving the HCTL-1100. 
The Pulse pin then returns to 
a low output. 

— The Motor Command port 
(RO8H) is preset to 80H 
(128D). | 

— The Commutator logic is 
cleared. She 

— The I/O control logic is 
cleared. 

— A soft reset is Buromanealy 
executed. 





Soft Reset 

Executed by: 

- Writing 00H to RO5H, or 

- Automatically called after a 
hard reset 


When a soft reset is executed, 
the following conditions occur: 
— The digital filter parameters 
are preset to 
A (R20H) = E5H (229D) 
B (R21H) = K (R22H) = 40H 
(64D) 
— The Sample Timer (ROFH) is 
preset to 40H (64D). 
— The Status register (RO7H) is 
cleared. 


— The Actual Position Counters © 


(R12H, R13H, R14H) are 
cleared to 0. 


From Reset mode, the HCTL- 


- 1100 goes automatically to 


Initialization/Idle mode. 


Initialization/Idle 
Executed by: 


_ - Writing 01H to ROSH, or 


- Automatically executed after a 
hard reset, soft reset, or 
- Limit pin goes low. 





“The Initialization/Idle mode is 


entered either automatically 
from Reset, by writing 01H to 
the Program Counter (R0O5H) 
under any conditions, or pulling 
the Limit pin low. 





In the Initialization/Idle mode, 

the following occur: 

— The Initialization/Idle flag 
(F1) is set. 

— The PWM port RO9H is set to 
00H (zero command). 

— The Motor Command port 
(RO8H) is set to 80H (128D) 
(zero command). 


— Previously sampled data 


stored in the digital filter is 
cleared. 


It is at this point that the user 
should pre-program all the 
necessary registers needed to 
execute the desired control 
mode. The HCTL-1100 stays in 
this mode (idling) until a new 
mode command is given. 


. Align 


Executed by: 
- Writing 02H to RO5H 


The Align mode is executed only 
when using the commutator 
feature of the HCTL-1100. This 
mode automatically aligns mul- 
tiphase motors to the HCTL- 
1100's internal Commutator. 


The Align mode can be entered 


only from the Initialization/Idle 


mode by writing 02H to the Pro- — 


gram Counter register (RO5H). 
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Before attempting to enter the 
Align mode, the user should 
clear all control mode flags and 
set both the Command Position 
registers (ROCH, RODH, and 
ROEH) and the Actual Position 
registers (R12H, R13H, and 
R14H) to zero. After the Align 
mode has been executed, the 
HCTL-1100 will automatically 
enter the Position Control mode 
and go to position zero. By 
following this procedure, the 
largest movement in the Align 
mode will be one torque cycle of 
the motor. 


The Align mode assumes: the 
encoder index pulse has been © 
physically aligned to the last 
motor phase during encoder/ 
motor assembly, the Commu- 
tator parameters have been 
correctly preprogrammed (see 
the section called Commutator 
for details), and a hard reset 
has been executed while the 
motor is stationary. 


The Align mode first disables 
the Commutator and with open 
loop control enables the first 
phase (PHA) and then the last 
phase (PHC or PHD) to orient 
the motor on the last phase 
torque detent. Each phase is 
energized for 2048 system 
sampling periods (t). For proper 
operation, the motor must come 
to a complete stop during the 
last phase enable. At this point 
the Commutator is enabled and 
commutation is closed loop. 


The HCTL-1100 then automati- 
cally switches from the Align 
mode to Position Control mode. 


Control Modes 

Control flags FO, F3, and F5 in 
the Flag register (ROOH) deter- 
mine which control mode is exe- 
cuted. Only one control flag can 
be set at a time. After one of 


these control flags is set, the 
control modes are entered either 
automatically from Align or 
from the Initialization/Idle 
mode by writing 03H to the Pro- 
gram Counter (RO5H). 


Position Control Mode 
Flags: FO Cleared 

F3 Cleared 

F5 Cleared 


Registers Used: 


Register Function 


ROOH ROOD 
R12H R18D 


R13H R19D 
R14H R20D 
ROCH R12D 
RODH R13D 


ROEH R14D 


Flag Register 
Read Actual 
Position MSB 
Read Actual 
Position 
Read Actual 
Position LSB 
Command 
Position MSB 
Command 
Position 
Command 
Position LSB 


Position Control performs point- 
to-point position moves with no 
velocity profiling. The user 
specifies a 24-bit position 
command, which the controller 
compares to the 24-bit actual 


position. The position error is 
ealculated, the full digital lead 
compensation is applied and the 
motor command is output. 


The controller will remain 
position-locked at a destination 
until a new position command 
is given. 


The actual and command 
position data is 24-bit two's- 


complement data stored in six 


8-bit registers. Position is 
measured in encoder 
quadrature counts. 


The command position resides 
in ROCH (MSB), RODH, ROEH 
(LSB). Writing to ROEH latches 
all 24 bits at once for the 
control algorithm. Therefore, 
the command position is 
written in the sequence ROCH, 
RODH and ROEH. The 
command registers can be read 
in any desired order. 


The actual position resides in 
R12H (MSB), R13H, and R14H 
(LSB). Reading R14H latches 
the upper two bytes into an 
internal buffer. Therefore, 
Actual Position registers are 


Example Code to Program Position Moves 


{ Begin } 


: 
5 


z 
2 
a 
5 
2 





read in the order of R14H, 
R13H, and R12H for correct 
instantaneous position data. 


The largest position move possi- 
ble in Position Control mode is 
TFFFFFH (8,388,607D) quadra- 
ture encoder counts. 


Proportional Velocity Mode 
Flags: FO Cleared 

F3 Set 

F5 Cleared 


Registers Used: 


Register 
ROOH ROOD 
R23H R35D 
R24H R36D 
R34H R52D 


R35H R53D 


Function 
Flag Register 
Command 
Velocity LSB 
Command 
Velocity MSB 
Actual Velocity 
LSB 
Actual Velocity 
MSB 


Proportional Velocity Control 


performs control of motor speed 
using only the gain factor, K, for 
compensation. The dynamic pole 
and zero lead compensation are 
not used. (See the "Digital Fil- 
ter" section of this data sheet.) 


Hard Reset { HCTL-1100 goes into INIT/IDLE Mode } 


Initialize Filter, 


Write 03H to Register RO5H 
{ HCTL-1100 is now in Position Mode } 


Timer, Command Position Registers 


Write Desired Command Position to Command Position Registers 


{ Controller Moves to new position } 


Continue writing in new Command Positions 


{ end } 
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The command and actual veloc- 
ity are 16-bit two's-complement 
words. 


The command velocity resides 
in registers R24H (MSB) and 
R23H (LSB). These registers are 
unlatched which means that the 
command velocity will change to 
a new velocity as soon as the 
value in either R23H or R24H is 
changed. The registers can be 
read or written to in any order. 


R24H R23H 
fe Pel Hea Bs 9 9 Lill FREE 
COMMAND VELOCITY . FORMAT 


The units of velocity are quadra- 
ture counts/sample time. To 
convert from rpm to quadrature 
counts/sample time, use the 
formula shown below: 


Vq = (Vr)(NXt)(0.01667/rpm-sec) [9] 


Where: | 

Vq = velocity in quadrature 
counts/sample time 

Vr = velocity in rpm 

N = 4 times the number of slots 
in the codewheel (i.e., 
quadrature counts). 


t = The HCTL-1100 sample time 
in seconds. (See the section on 
the HCTL-1100's Sample 
Timer register). 


Because the Command Velocity 
registers (R24H and R23H) are 
internally interpreted by the 
HCTL-1100 as 12 bits of integer 
and 4 bits of fraction, the host 
processor must multiply the 
desired command velocity (in 
quadrature counts/sample time) 
by 16 before programming it 
into the HCTL-1100's Command 
Velocity registers. 


The actual velocity is computed 
only in this algorithm and 
stored in scratch registers R35H 
(MSB) and R34H (LSB). There 
is no fractional component in 
the actual velocity registers and 
they can be read in any order. 


The controller tracks the 
command velocity continuously 
until new mode command is 
given. The system behavior 
after a new velocity command is 
governed only by the system - 
dynamics until a steady state 
velocity is reached. 


Integral Velocity Mode 
Flags: FO Cleared 
-F3 Cleared | 
_F5 Set to begin move 


Registers Used: 

Register Function 
ROOH ROOD Fiag Register 
R26H R38D Acceleration LSB 
R27H R39D Acceleration MSB 
R3CH R60D Command 

Velocity 


Integral Velocity Control 
performs continuous velocity — 
profiling which is specified by a 
command velocity and command 
acceleration. Figure 13 shows 
the capability of this control 
algorithm. | 


The user can change velocity 
and acceleration any time to 
continuously profile velocity in 
time. Once the specified velocity 
is reached, the HCTL-1100 will 
maintain that velocity until a 
new command is specified. 
Changes between actual — 
velocities occur at the presently 
specified linear acceleration. 


The command velocity is an 8-. 
bit two's-complement word 


Example Code for Programming Proportional Velocity Mode 


{ Begin } 


Hard Reset { HCTL-1100 goes into INIT/IDLE Mode } 


Initialize Filter, Timer, Command Position Registers 


Write 03H to Register RO5H 
{ HCTL-1100 is now in Position Mode } 


Write Desired Command Velocity (if needed) 


Set Flag F3 {Proportional Velocity Move Begins} 


{ System ramps to Command Velocity } 


Continue writing new Command Velocities 


{end} 
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stored in R38CH. The units of 
velocity are quadrature counts/ 
sample time. 


The conversion from rpm to 
quadrature counts/sample time 
is shown in equation 9. The 
Command Velocity register 
(R3CH) contains only integer 
data and has no fractional 
component. 


While the overall range of the 
velocity command is 8 bits, 
two's-complement, the 
difference between any two 
sequential commands cannot be 
greater than 7 bits in magnitude 
(i.e., 127 decimal). For example, 
when the HCTL-1100 is 
executing a command velocity of 
40H (+64D), the next velocity 
command must fall in the range 
of 7FH (+127D), the maximum 
command range, C1H (-63D), 
the largest allowed difference. 


The command acceleration is a 
16-bit scalar word stored in 
R27H and R26H. The upper 
byte (R27H) is the integer part 
and the lower byte (R26H) is the 
fractional part provided for 
resolution. The integer part has 


R27H R26H 
OITIIIII FFFFFFFF/256 
Command Acceleration Format 


a range of 00H to 7FH. The 
contents of R26H are internally 
divided by 256 to produce the 
fractional resolution. 


The units of acceleration are 
quadrature counts/sample time 
squared. 


To convert from rpm/sec to 
quadrature counts/[sample 
time]?, use the formula shown 
below: 


Aq = (Ar)(N)(t?)(0.01667/rpm- 
sec) [10] 


Where: 

Aq = Acceleration in quadrature 
counts/[sample time]? 

Ar = Acceleration in rpm/sec 

N = 4 times the number of slots 
in the codewheel (i.e., 
quadrature counts) 

t = The HCTL-1100 sample time 
in seconds. (See the section on 
the HCTL-1100's Sample 
Timer register). 


Because the Command 
Acceleration registers (R27H 
and R26H) are internally 
interpreted by the HCTL-1100 
as 8 bits of integer and 8 bits of 
fraction, the host processor 
must multiply the desired 
command acceleration (in 
quadrature counts/[sample 
time]?) by 256 before 
programming it into the HCTL- 
1100's Command Acceleration 
registers. 


Internally, the controller per- 


forms velocity profiling through 
position control. 


VELOCITY 


CVEL = COMMAND VELOCITY R3CH 
A = ACCELERATION R26H, R27H 





Each sample time, the internal 
profile generator uses the 
information which the user has 
programmed into the Command 
Velocity register (R3CH) and 
the Command Acceleration 
registers (R27H and R26H) to 
determine the value which will 
be automatically loaded into the 
Command Position registers 
(ROCH, RODH, and ROEH). 
After the new command position 
has been generated, the differ- 
ence between the value in the 
Actual Position registers (R12- 
R13H, and R14H) and the new 
value in the Command Position 
registers is calculated as the 
new position error. This new 
position error is used by the full 
digital compensation filter to 
compute a new motor command 
output by this sample time. The 
register block in Figure 3 
further shows how the internal 
profile generator works in 
Integral Velocity mode. In 
control theory terms, integral 
compensation has been added 
and therefore, this system has 
zero steady-state error. 


Lee TRIGGER 


@) USER CHANGES ACCELERATION COMMAND 


(2) USER CHANGES VELOCITY COMMAND 


Figure 13. Integral Velocity Modes. 
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Although Integral Velocity 
Control mode has the advantage 
over Proportional Velocity mode 
of zero steady state velocity 
error, its disadvantage is that 
the closed loop stability is more 
difficult to achieve. In Integral 
Velocity Control mode the 
system is actually a position 
control system and therefore the 
complete dynamic compensation 
D(z) is used. ~ 


If the external Stop flag F6 is 
set during this mode signalling 
an emergency situation, the 
controller automatically 
decelerates to zero velocity at | 
the presently specified ' 
acceleration factor and stays in 
this condition until the flag is 
cleared. The user then can 
specify new velocity profiling 
data. | 


Trapezoid Profile Mode 
Flags: FO Set to begin move 
F3 Cleared 
F5 Cleared 


Registers Used: | 
Register . Function 
ROOH ROOD Flag Register 
RO7H RO7D Status Register 
R12H R18D Read Actual 
Position MSB 
Read Actual 
Position - 
Read Actual 
Position LSB 
Final Position 
LSB 
R2AH R42D Final Position 
R2BH R43D Final Position 
'  MSB 
R26H R38D Acceleration LSB 
R27H R39D Acceleration MSB 
R28H R40D Maximum. 
~~ Velocity 


R13H R19D 
R14H R20D 


R29H R41D 


Trapezoid Profile Control 
performs point-to-point position 
moves and profiles the velocity 
trajectory to a trapezoid or 
triangle. The user specifies only 
the desired final position, 
acceleration and maximum 
velocity. The controller 
computes the necessary profile 
to conform to the command 
data. If maximum velocity is 
reached before the distance 
halfway point, the profile will 
be trapezoidal, otherwise the 
profile will be triangular. 
Figure 14 shows the possible 
trajectories with Trapezoidal 
Profile Control. 


The command data for . 
Trapezoidal Profile Control 
mode consists of a final position, 
a command acceleration, and a 


Example Code for Programming Integral Velocity Mode 


(Begin) 


Hard Reset {HCTL-1100 goes into INIT/IDLE Mode} 


Initialize Filter, Timer, Command Position Registers 


Write 03H to Register RO05H 
{HCTL-1100 is now in Position Mode} 


Write Desired Acceleration (if needed) 


Write Desired Maximum Velocity (if needed) 


Set Flag F5 {Integral Velocity Move Begins} 


{System ramps to Maximum Velocity} 


Continue writing new Accelerations and Velocities 


{ end } 
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VELOCITY FO SET 


BY USER 


TRAPEZOIDAL 


MAXIMUM VELOCITY 


VELOCITY 


TRIANGULAR 


Figure 14. Trapezoidal Profile Mode. 


maximum velocity. The 24-bit, 
two's-complement final position 
is written to registers R2BH, 
(MSB), R2AH, and R29H (LSB). 
The 16-bit command 
acceleration resides in registers 
R27H (MSB) and R26H (LSB). 
The command acceleration has 
the same integer and fraction 
format as discussed in the 
Integral Velocity Control mode 
section. The 7-bit maximum 
velocity is a scalar value with 
the range of 00H to 7FH (0D to 
127D). The maximum velocity 
has the units of quadrature 
counts per sample time, and 
resides in register R28H. The 
command data registers may be 
read or written to in any order. 


The internal profile generator 
produces a position profile using 
the present Command Position 
(ROCH-ROEH) as the starting 
point and the Final Position 
(R2BH-R29H) as the end point. 


Once the desired data is 
entered, the user sets flag F0 in 
the Flag register (ROOH) to 
commence motion (if the HCTL- 
1100 is already in Position 
Control mode). 





MAXIMUM VELOCITY 


FO CLEARED BY 
HCTL-1100 


FoseET ACCEL ACCEL £9 CLEARED BY 
BY USER 1/2 WAY TO HCTL-1100 
FINAL POSITION 
t 


FINAL POSITION 


When the profile generator 
sends the last position com- 
mand to the Command Position 
registers to complete the 
trapezoidal move, the controller 
clears flag FO. The HCTL-1100 
then automatically goes to 
Position Control mode with the 
final position of the trapezoidal 
move as the command position. 


When the HCTL-1100 clears 
flag FO it does NOT indicate 
that the motor and encoder are 
at the final position NOR that 
the motor and encoder have 
stopped. The flag indicates that 
the command profile has 
finished. The motor and 
encoder's true position can only 
be determined by reading the 
Actual Position registers. The 
only way to determine if the 
motor and encoder have stopped 
is to read the Actual Position 
registers at successive intervals. 


The status of the Profile flag can 
be monitored both in the Status 
register (RO7) and at the exter- 
nal Profile pin at any time. 
While the Profile flag is high 
NO new command data should 
be sent to the controller. 


1-111 


Each sample time, the internal 
profile generator uses the 
information which the user has 
programmed into the Maximum 
Velocity register (R28H), the 
Command Acceleration 
registers (R27H and R26H), and 
the Final Position registers 
(R2BH, R2AH, and R29H) to 
determine the value which will 
be automatically loaded into the 
Command Position registers 
(ROEH, RODH, and ROCH). 
After the new command position 
has been generated, the 
difference between the value in 
the Actual Position registers 
(R12H, R13H, and R14H) and 
the new value in the Command 
Position registers is calculated 
as the new position error. This 
new position error is used by 
the full digital compensation 
filter to compute a new motor 
command output for the sample 
time. (The register block 
diagram in Figure 3 further 
shows how the internal profile 
generator works in Trapezoidal 
Profile mode.) 
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Example Code for Programming Trapezoid Moves 


{ Begin } 


Hard Reset { HCTL-1100 goes into INIT/IDLE Mode } 


Inititalize Filter, 


Write 03H to Register RO5H 
{ HCTL-1100 is now in Position Mode } 


{ Profile #1} 


Write Desired Acceleration 


Write Desired Maximum Velocity 


Write Final Position 


Timer, Command Position Registers 


Set Flag FO {Trapezoid Move Begins, PROF pin goes high} 


Poll PROF pin until it goes low (Move is complete) 


' { Profile #2} 


Write Desired Acceleration 


Write Desired Maximum Velocity 


Write Final Position 


Set Flag FO {Trapezoid Move Begins, PROF pin goes high} 


Poll PROF pin until it goes low (Move is complete) 


{ Repeat } 


{ end } 


Applications of the 
HCTL-1100 | | 
Interfacing the HCTL-1100 to 
Host Processors 

The HCTL-1100 looks to the 
host microprocessor like a bank 
of 8-bit registers to which the 
host processor can read and 


write (i.e., the host processor 
treats the HCTL-1100 like 
RAM). The data in these | 
registers controls the operation 
of the HCTL-1100. The host 


processor communicates to the | 


HCTL-1100 over a bidirectional 
multiplexed 8-bit data bus. The 
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four I/O control lines. ALE, CS, 
OE, and R/W execute the data 
transfers (see Figure 15). 


There are three different timing 
configurations which can be 
used to give the user greater 
flexibility to interface the 


HCTL-1100 to most 
microprocessors (see Timing 
diagrams). They are 
differentiated from one another 
by the arrangement of the ALE 
signal with respect to the CS 
signal. The three timing 
configurations are listed below. 


ALE, CS non-overlapped 


1. 
2. ALE, CS overlapped 
3. ALE within CS 


Any I/O operation starts by 
asserting the ALE signal which 
starts sampling the external bus 
into an internal address latch. 
Rising ALE or falling CS during 
ALE stops the sampling into the 
address latch. 











CS low after rising ALE samples 
the external bus into the data 
latch. Rising CS stops the 
sampling into the data latch, 
and starts the internal 
synchronous process. 


In the case of a write, the data 
in the data latch is written into 
the addressed location. In the 
case of a read, the addressed 
location is written into an 
internal output latch. OE low 
enables the internal output 
latch onto the external bus. The 
OE signal and the internal 
output latch allow the I/O port 
to be flexible and avoid bus 
conflicts during read operations. 


It is important that the host 
microprocessor does not attempt 
to perform too many I/O 
operations in a single sample 
time of the HCTL-1100. Each 
I/O operation interrupts the 
execution of the HCTL-1100's 
internal code for 1 clock cycle. 
Although extra clock cycles have 
been allotted in each sample 
time for I/O operations, the 
number of extra cycles is 


reduced as the value 
programmed into the Sample 
Timer register (ROFH) is 
reduced. 


Table 5 shows the maximum 
number of I/O operations 
allowed under the given 
conditions. 


The number of external clock 
cycles available for I/O 
operations in any of the four 
control modes can be increased 
by increasing the value in the 
Sample Timer register (ROFH). 


For every unit increase in the 
Sample Timer register (ROFH) 
above the minimums shown in 
Table 5 the user may perform 
16 additional I/O operations per 
sample time. 


Interfacing the HCTL-1100 to 
Amplifiers and Motors 


The Motor Command port is the 
ideal interface to an 8-bit DAC, 
configured for bipolar output. 
The data written to the 8-bit 
Motor Command port by the 
control algorithms is the 
internally computed 2's- 


complement motor command 
with an 80H offset added. This 
allows direct interfacing to a 
DAC. Figure 16 shows a typical 
DAC interface to the HCTL- 
1100. An inexpensive DAC, such 
as MC1408 or equivalent, has 
its digital inputs directly 
connected to the Motor 
Command port. The DAC pro- 
duces an output current which 
is converted to a voltage by an 
operational amplifier. R, and R, 
control the analog offset and 
gain. The circuit is easily 
adjusted for +5 V to —5 V 
operation by first writing 80H to 
RO8H and adjusting R, for 0 V 
output. Then FFH is written to 
RO8H and R, is adjusted until 
the output is 5 V. Note that 00H 
in RO8H corresponds to —5 V 
out. 


Figure 17 shows an example of 
how to interface the HCTL-1100 
to an H-bridge amplifier. An H- 
bridge amplifier allows bipolar 
motor operation with a unipolar 
power supply. The Sign 
Reversal Inhibit feature 
prevents all transistors from 
being on at the same time when 
the direction of motion is 
reversed. 


Table 5. Maximum Number of I/O Allowed 





Sample Timer 
Register Value 


Operating Mode 


Maximum Number 
of I/O Operations 
Allowed per Sample 


07H (07D) ~ Position Control or 5 
Prop. Vel. Control 


Position Control or 
Prop. Vel. Control 


OFH (15D) 


Trapezoidal Prof. 
or Integral 
Vel. Control 
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Figure 16. Linear Amplifier Interface. 
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DC MOTOR 


‘Figure 17. H-Bridge Amplifier Interface. 
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Additional Information Ordering Information 
From Hewlett-Packard 

Additional information HCTL-1100: 40 Pin DIP 
regarding the HCTL-1100 is Package 

available from the Hewlett- 

Packard Motion Control HCTL-1100#PLC: 44 Pin 
Factory. Please contact your PLCC Package 


local HP sales representative for 
more information. 


1. Application Note 1032: 
"Design of the HCTL-1000's 
Digital Filter Parameters by 
the Combination Method" 

2. Intel 8051 interface to the 
HCTL-1100 

3. Zilog Z80 interface to the 
HCTL-1100 

4. Motorola 6803-1 interface to 
the HCTL-1100 

5. HCTL-1100 Sample Timer 
and Digital Filter (Seminar 
Slides) 

6. DC Brush Motor Interfaces 
(Seminar Slides) 

7. DC Brushless Motor 
Interfaces (Seminar Slides) 

8. Step Motor Interfaces— 
including half-step mode 
(Seminar Slides) 

9. List of Board Level Vendors 
using the HCTL-1000/ 
HCTL-1100. Many 
companies provide board 
level products using the 
HCTL-1000 and HCTL-1100 
compatible with numerous 
busses. 

10. HCTL-1000/HCTL-1100 
Troubleshooting Guide. An 
answer guide to the most 
often asked questions about 
the operation of the HCTL- 
1000 and HCTL-1100. 


1-115 





YY) 
YY 








Light Bars and Bar Graph | 


Arrays 


LED Light Bars are Hewlett- 
Packard's innovative solution to 
fixed message annunciation. 
The large, uniformly illumin- 
ated light emitting surface may 
be used for backlighting legends 
or simple indicators. Four 
distinct colors are offered: 
AlGaAs red, high efficiency red, 
yellow, and high performance 
green with two bicolor 
combinations. The AlGaAs Red 
Light Bars provide exceptional 
brightness at very low drive 
currents for those applications 
where portability and battery 
backup are important 
considerations. Each of the 
eight X-Y stackable package 
styles offers one, two, or four 
light emitting surfaces. Along 
with this family of stackable 
light bars, HP also provides a 
single chip light bar for high 
brightness indication of small 
areas. Panel Mounts are also 
available for all devices. 


In addition to light bars, HP 
offers effective analog message 
annunciation with the 10- 
element LED Bar Graph 
Arrays. These bar graph arrays 
eliminate the matching and 
alignment problems commonly 
associated with arrays of discrete 
LED indicators. Each device 
offers easy to handle packages 
that are compatible with 
standard DIP sockets. The 10- 
element Bar Graph Array is 
available in standard red, 
AlGaAs red, high efficiency red, 
yellow, and high performance 
green. The multicolor 10-element | 
arrays have high efficiency red, 
yellow, and green LEDs in one 
package. The package is X-Y 
stackable, with a unique 
interlock allowing easy end-to- 
end alignment. 
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LED Light Bars 












Typical | Typical 
Luminous | Forward 
Intensity | Voltage | Page 

@20mA | @20mA| No. 
Green 


a 
d 


_ == 


Green 50 mcd 
d 
Diffused sia 


d 


Description 


4 Pin In-Line; 0.100" 
Efficiency| Centers; 0.400"L x 
0.195"W x 0.245°H 


Package Outline Drawing 













HLMP-2300 


& 
aon 
a2 
Za 
n 
red 

< x 
am 4 
ES 
9 
ad 





HLMP-2400 


Yellow 


HLMP-2500 | Green 


2 
= 
® 






HLMP-2350 8 Pin In-Line; 0.100" 
Efficiency) Centers; 0.800"L x 


| a X 0.245"H 


HLMP-2450 | Yelow 


(or) 
co 
=| 
2 
Qa. 


HLMP-2550 a 






HLMP-2600 8 Pin DIP; 0.100" 
Efficiency} Centers; 0.400"L x 
0.400"W x 0.245"H 
F Yetow | Arrangement 


HLMP-2700 | Yetow 


9 
=a 
— 
Cc 
fz) 
© 


HLMP-2800 on 


fu 


|S, 
= 
© 






HLMP-2620 16 Pin DIP; 0.100" 


Efficiency} Centers; 0.800"L x 


0.400"W x 0.245"H 
Quad Arrangement 
HLMP-2820 


HLMP-2635 


| 
[| 
te! 
ont 






16 Pin DIP; 0.100" Diffused 


Efficiency} Centers; 0.800"L x 
0.400"W x 0.245"H 


Dual Bar Arrangement 
HLMP-2735 


HLMP-2835 | Green 


Green 
d 


S, 
= 
© 


ull 
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LED Light Bars (Continued) 










| | Typical | Typical 

_ Device Description Luminous} Forward 
1 | | wes , intensity | Voltage | Page 
Package Outline Drawing Part No. @ 20mA | @20mA | No. 


HLMP-2655 8 Pin DIP: 0.100" | Diffused | 43 med 28 
21V 


Efficiency} Centers; 0.400"L x 
2.2V 

























| 0.400"W x 0.245"H 
Square Arrangement 


HLMP-275 


HLMP-2855 





Diffused 
Green 

Diffused 

Diffused | 45 mcd 2.0 V 


80 mcd 2.0V 








HLMP-2670 | | 16 Pin DIP; 0.100" 
| Efficiency| Centers; 0.800°L x 
| 0.400"W x 0.245"H 
Dual Square 


HLMP-2770 Arrangement | 
HLMP-2870 | 


HLMP-2685 | High | 16 Pin DIP; 0.100" 
Efficiency| Centers; 0.800°L x 
0.400"W x 0.245"H 


| Single Bar Arrangement 
HLMP-2785 Diffused 


HLMP-2885 | Green | Green 
7 Diffused 





N 
< 


UE 
Fe 








70 mcd 2.1V 


0 


nm 
ND 
< 


DH AlGaAs Low Current LED Light Bars © 






2.2V 
Description | 


Typical | Typical 
Luminous | Forward 
, Intensity | Voltage | Page 


| AlGaAs | 4 Pin In-Line; 0.100" 75 mcd 1.6V 
Red | Centers; 0.400°L x | 
| 0.195"W x 0.245°H 














HLCP-B100 | AlGaAs | 8 Pin In-Line; 0.100" 
Red | Centers; 0.800"L x 
0.195°W x 0.245"H 
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Typical | Typical 















Page 
No. 

















16 Pin DIP; 0.100" 
Centers; 0.800"L x 
0.400"W x 0.245"H 
Single Bar Arrangement 























8 Pin DIP; 0.100" Diffused} 7.5 mcd 1.6V 
HLCP-E100| AlGaAs| 16 Pin DIP; 0.100" 
Red | Centers; 0.800"L x 
0.400"W x 0.245°H 
Quad Arrangement 
LED Bicolor Light Bars 
ie Typical | Typical 
Description Luminous | Forward 
Intensity | Voltage 


DH AlGaAs Low Current LED Light Bars (Continued) 
Luminous | Forward 
Centers; 0.400"L x 
HLCP-F100 | AlGaAs} 16 Pin DIP; 0.100" 15.0 mcd 
Red | Centers; 0.800"L x 
0.400"W x 0.245"H 
Dual Bar Arrangement 
HLCP-C100} AlGaAs} 8 pin DIP; 0.100" 15.0 mcd 
Red | Centers; 0.400"L x 
0.400"W x 0.245"H 
Square Arrangement 
Package Outline Drawing | PartNo. | Color Package Lens | @20mA | @20mA 


Intensity | Voltage 
0.400"W x 0.245°H 
HLCP-G100| AlGaAs| 16 Pin DIP; 0.100" 15.0 mcd 
Red | Centers; 0.800"L x 
| | 0.400"W x 0.245"H 
Dual Square 
| | | Arrangement 
ui Ut 
1 HLMP-2950 Diffused 
_ | HLMP-2965 





Page 
No. 









Dual Arrangement 
| HLCP-H100} AlGaAs 30.0 mcd 
Red 
Jud 
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Single Chip LED Light Bar 






= . a , — Luminous Forward | Page 


HLMP-T200 One Chip LED | Tinted | 4.8 med 22v | 2-19 
Efficiency} Light Bar Diffused | @20mA @20mA 
| HLMP-T300 | Yellow | | 6.0 med 2.2V 
te. (585 nm) 7 @ 20 mA 20 mA 
HLMP-T400 | Orange | 4.8 mcd —|.22V 
(608 nm) @ 20 mA  |@20mA 
HLMP-T500 | Green : 2.3 V 
569 nm) @ 20 mA 





LED Bar Graph Arrays 
Typical | Typical 


— Bell Hes 
Package Outline Drawing | PartNo. | Color | Package | Intensity | Voltage 


HDSP-4820 Standard | 20 Pin DIP; 0.100” 1250 pcd 
Red Centers;1.0°L x @ 20 mA 


a 0.400°W x 0.200" DC 
HUUUUUUUUU High 
Efficiency 


Red 


HDSP-4840 | Yellow. | 1900 pcd 
| @ 10 mA 
| — po |. 
HDSP-4850 | | Green | 1900 ycd 
Diffused |} @ 10 mA 
DC 
HDSP-4832 Multicolor 1900 jucd 
a @ 10 mA 
| DC 
HDSP-4836 | Multicolor Diffused | 1900 picd 
7 : | @10mA 
| ll DC 
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DH AlGaAs Low Current 10-Element Bar Graph Arrays 





Device 








Description Typical | Typical 
Luminous | Forward | Page 


Package Outline Drawing } PartNo. Color Intensity | Voltage | No. 
HLCP-J100 | AlGaAs | 20 Pin DIP; 0.100" 2-23 


@1imA| @1mA 


WOQU0U000L | aoorws 0.2007 
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Panel Mounts for LED Light Bars 


Device 


Package Outline Drawing | PartNo. Corresponding Light Bar Module Part Number 


HLMP-2598 | HLMP-2350, -2450, -2550, 
HLCP-B100 





HLMP-2599 | HLMP-2300, -2400, -2500, 
HLCP-A100 
HLMP-2898 | HLMP-2600, -2700, -2800 
-2655, -2755, -2855 
-2950, -2965, HLCP-C 100, -D100 


HLMP-2899 | HLMP-2620, -2720, -2820, 
-2635, -2735, -2835 
| | -2670, -2770, -2870 
-2685, -2785, -2885 
HLCP-E100, -F100, -G100, -H100 


Intensity Selected Light Bars 


Option Code 


a : 


“Contact your local Sales Representative for information regarding this product. (See Section 9.) 













This option provides the selection of light bars from two adjacent 
luminous intensity categories. 





LED Light Bars 


Technical Data 


Features 

¢ Large Bright, Uniform 
Light Emitting Areas 

¢ Choice of Colors | 

¢ Categorized for Light 
Output 

¢ Yellow and Green 
Categorized for Dominant 
Wavelength 

* Excellent ON-OFF 
Contrast 

e X-Y Stackable 

e Flush Mountable 

e Can be Used with Panel 
and Legend Mounts 

e Light Emitting Surface 
Suitable for Legend 
Attachment per 
Application Note 1012 

e HLCP-X100 Series 
Designed for Low 
Current Operation 

¢ Bicolor Devices Available 


Applications 

¢ Business Machine | 
Message Annunciators 

¢ Telecommunications 
Indicators | 

¢ Front Panel Process Status 

Indicators 
e PC Board Identifiers 
e Bar Graphs 


(ee 





Description | 

The HLCP-X100 and HLMP- 
2XXX series light bars are 
rectangular light sources 
designed for a variety of | 
applications where a large 
bright source of light is 
required. These light bars are 
configured in single-in-line and 
dual-in-line packages that 
contain either single or 
segmented light emitting areas. 
The AlGaAs Red HLCP-X100 
series LEDs use double 
heterojunction AlGaAs on a 
GaAs substrate. The HER 
HLMP-2300/2400 and Yellow 
HLMP-2400/2700 series LEDs 
have their p-n junctions diffused 
into a GaAsP epitaxial layer on 
a GaP substrate. The Green 
HLMP-2500/2800 series LEDs 
use a liquid phase GaP epitaxial 


-. layer on a GaP substrate. The 


bicolor HLMP-2900 series use a 
combination of HER/Yellow or 
HER/Green LEDs. — 


HLCP-A100, -B100, -C100, 
-D100, -E100, -F100, -G100, 
-H100 | 

HLMP-2300, -2350, -2400, 
-2450, -2500, -2550, -2600, 
-2620, -2635, -2655, -2670, 
-2685, -2700, -2720, -2735, 
-2755, -2770, -2'785, -2800, 
-2820, -2835, -2855, -2870, 
-2885, -2950, -2965 








Selection Guide 


Light Bar Part Number 


Corresponding 


Panel and 
HLCP. Light Emitting Areas Legend Mount 


HLMP- 

Emitting 7 
sate | BR [Yalow [ rn are sia 
A100 2300 2400 2500 | 8.89 mmx 3.81 mm 1 A C_] 2599 

(.350 in. x .150 in.) 
B100 | 2350 2450 2550 | 19.05 mm x 3.81 mm 1 2598 
(.750 in. x .150 in.) 
D10 2700 2800 | 8.89 mm x 3.81 mm 2 2898 
(.350 in. x .150 in.) 
2720 2820 | 8.89 mmx 3.81 mm 4 
(.350 in. x .150 in.) 
F100 | 2635 2735 2835 | 3.81 mmx 19.05 mm 
(.150 in. x .750 in.) 


GRAPH ARRAYS 
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2899 


ry 


C100 2655 2755 2855 8.89 mm x 8.89 mm C 2898 
(.350 in. x .350 in.) 
G100 2670 2770 2870 8.89 mm x 8.89 mm 2899 
(.350 in. x .350 in.) 
H100 2685 2785 2885 8.89 mm x 19.05 mm H 2899 
(.350 in. x .750 in.) 
2950 8.89 mm x 8.89 mm Bicolor 
(.350 in. x .350 in.) 


2965 2965 | 8.89 mm x 8.89 mm Bicolor 2898 
(.350 in. x .350 in.) 


Q 
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Package Ons 


7 , 4.068 MIN: 4.953 pte 4.953 _ 19.050 
0.508 + 0.076 (0:160) (0.195) 3.810 (0.195) (0.750) 3.810 
(0.020 +0.003) | | (0.150) MAX | | (0.150) 


_ 





——T"+ 


10.160 20.320 
(0.400) J PART 
END VIEW A, B MAX : NUMBER 













































PIN 
’ aes 4 CODE 
SEATING { SEATING ~~ | 
PLANE TTT PLANE eimemiminmint 
I | | 6.223MAX. LUMINOUS ( / | | ; | ! ' LL 6.203 
(0.245) INTENSITY 1.016 (0.245) 
. 1.016 
12 3 4 CATEGORY 1 2 3 4 5 6 7 8 (0.040) MAX. 
(0.040) 
| TYP. TYP. 
2.54 TYP 2.54 TYP ; . 
(0.100) 0.584+0.076 (0.100) 0.584 + 0.076 
; (0.023 + 0.003) (0.023 + 0.003) 
SIDE A SIDE B 
7.620 
(0.300) 
PIN 0.254 + 0.05 
| NUMBER caso 
4.064 
: 8 - tie - (0.160) { 
(oan 2 7 8.890 _te 150) 1.270 MIN. 
MAX, 3 g (0850) —-F:810 (0.050) 
0.150 
1.016 4 ian to. 
i ha 6.223 1! g.g90 eh 8.890 -_ 
' i sieees 
| I : 
SIDE VIEW C, D, 7 { 7 | 1.270 
| | (0.050) 
2.540 SEATING DATE | I 3.810 la 810 8.890 
(0.100) CODE | (0.150) la 150) (0.350) |~ 
TYP. — as veneer _— 
| LUMINOUS reat t 1 16 
a ween, (L__]}_tees st : 
CA oe | 3 14 
| | | 19.050 20.320 ' 13 49.050 
1.270 (0.750) (0.800) «, 12 (0.750) 
(0.050) f f MAX. 
PART 6 11 
| NUMBER 8.890 1.270 
ae (0.350)(0.050) 7 10 
: _ ee | 
(0.020+0.002) COLOR BIN —+| (0.400) —~-| (0.400) \=— — | (0400) |<— ——~{ (0.400) im 
TYP. (NOTE 2) MAX. MAX. ; MAX. MAX. 
E F G 


SIDE VIEW E,F,G,H 


NOTES: 


1. DIMENSIONS IN MILLIMETRES (INCHES). TOLERANCES +0.25 mm (+0.010 IN.) UNLESS OTHERWISE INDICATED. 


2. FOR YELLOW AND GREEN DEVICES ONLY. 
3. CATHODE NOTCH IS IN PROCESS OF BEING REPLACED BY A CATHODE DOT ON THE UNIT MARKING SIDE OF THE DEVICE. 


PROPOSED EFFECTIVE DATE FOR THIS CONVERSION IS JANUARY 1ST, 1991. 
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Internal Circuit Diagrams 
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PIN FUNCTION 
aaa tae 
















> > 
Eanes 
No 


PIN FUNCTION 























a = CATHODE a | CATHODE a 
A -2300/-2400 -2350/-2450 ANODE a ANODE a 
-2500 -2550 ANODE b ANODE b 









CATHODE b CATHODE b 
CATHODE c CATHODE c 


























ANODE h 
CATHODE h 


(\ 


ANODE d ANODE d 
Cathode — b Cathode — b 
Anode — b CATHODE e 
Cathode — 6 ANODE @ 
a f 
\ 
5 ee reed — Bs 





~YELLOW/ 
GREEN 


ANODE e 
2 ANODE a ~ CATHODE e 
Pa | CATHODE | ANODE f 
Cs | caTHODE > | ANODE g 
[6 | ANODE: | CATHODE 
ae) 


7 | ANODEd CATHODE h 
| 8 | CATHODEd | ANODEh 


















zx HIGH EFFICIENCY RED LED Zs YELLOW OR GREEN LED 





Absolute Maximum Ratings 



































HER Yellow Green 
Pasa wictes AlGaAs Red HLMP-2300/ | HLMP-2400/ HLMP-2500/ 
HLCP-X100 2600/29XX 2700/2950 2800/2965 
Series Series Series Series 


Average Power Dissipated per LED chip 
Peak Forward Current per LED chip | 
Average Forward Current per LED chip 20 mA 
Reverse Voltage per LED chip | | 6 Viel 

Operating Temperature Range —20°C to +85°C 


Lead Soldering Temperature 1.6 mm : . a 
(1/16 inch) Below Seating Plane 260°C for seconds 











Notes: 

. Derate above 87°C at 1.7 mW/°C per LED chip. For DC operation, derate above 91°C at 0.8 mA/°C. 
. Derate above 25°C at 1.8 mW/°C per LED chip. For DC operation, derate above 50°C at 0.5 mA/°C, 
. Derate above 50°C at 1.8 mW/°C per LED chip. For DC operation, derate above 60°C at 0.5 mA/°C. 
. See Figure 1 to establish pulsed operation. Maximum pulse width is 1.5 mS. | 

. See Figure 6 to establish pulsed operation. Maximum pulse width is 2 mS. 

. Does not apply to bicolor parts. ~ 

. For operation below —20°C, contact your local HP sales representative. 

. Maximum component side temperature is 140°C during solder process. 
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Electrical/Optical Characteristics at T, = 25°C 
AlGaAs Red HLCP-X100 Series 


Parameter PHLCP- 




















pt 


Symbo 


| Max. | Units | Test Conditions 


Luminous Intensity 
per Lighting Emitting 
Areal _ 


o| wl ale 
OO} Ol on] rg 


pa | | 9? 


Peak Wavelength 






Dominant Wavelength”! 


Forward Voltage per LED 
| Reverse Breakdown Voltage per LED - 


Thermal Resistance LED Junction-to-Pin RO, ow 


I) 
3 
C2 
z 


cA 
S| 
o 


lop) 
Ds 
Or 


High Efficiency Red HLMP-2300/2600/2900 Series 


Parameter 


2300/2600/2620 l, 

Luminous Intensity 

per Lighting Emitting | 2350/2635/2655/2670/2950"! 

Area! 
2965!41 
2685 

Peak Wavelength 


Dominant Wavelength"! 
Forward Voltage per LED 


Reverse Breakdown Voltage per LED"! 


Thermal Resistance LED Junction-to-Pin RO 


Yellow HLMP-2400/2700/2950 Series 


Area!1l 


Peak Wavelength 


| 


Dominant Wavelength!?! " 
Forward Voltage per LED . 
Reverse Breakdown Voltage per LED! ! - 


Thermal Resistance LED Junction-to-Pin R98, ow 
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[Sto | in. [ye 


f 


Units | Test Conditions 


F 
2 
g 
z 
: 
Sg 


23 p= 20mA 


3 
a 


I, = 20 mA 
I, = 100 pA 


fe) 
z 


wales 
te 
0 


595.0 
2.6 I, = 20mA 
I, = 100 pA 
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High Performance Green HLMP-2500/2800/2965 Series = —s— = 


Parameter _ | Symbol Test Conditions 
ee fs | mt 
ar [50] | me 
Tne 

Eee 
oe 











—_ 
ay 







Luminous Intensity 
per Lighting Emitting 
Areal] 


i) 
or 





= 
roe | a | om | 

[aa [ae |v | ieaima 
: 






ie} 
On 


F 
R 






Thermal Resistance LED Junction-to-Pin R60, an 


a 
Or 
So 


™™ 


PIN 





Notes: 

1. These devices are categorized for luminous intensity. The intensity category is designated by a letter code on the side of the 
package. . . 

2. The dominant wavelength, 1, is derived from the CIE chromaticity diagram and is the single wavelength which defines the . 
color of the device. Yellow and Green devices are categorized for dominant wavelength with the color bin designated by a 
number code on the side of the package. 

3. This is an HER/Yellow bicolor light bar. HER electrical/optical characteristics are shown in the HER table. Yellow electrical/ 
optical characteristics are shown in the Yellow table. a | 

4. This is an HER/Green bicolor light bar. HER electrical/optical characteristics are shown in the HER table. Green electrical/ 
optical characteristics are shown in the Green table. | 

5. Does not apply to HLMP-2950 or HLMP-2965. 
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Figure 1. Maximum Allowable Peak Current vs. Pulse Duration 














Tipgax — RELATIVE EFFICIENCY 





Ipc MAX — DC CURRENT PER LED — mA 





Ta, — AMBIENT TEMPERATURE — °C lpeax — PEAK CURRENT PER LED — mA 
Figure 2. Maximum Allowed DC Current per LED vs. Figure 3. Relative Efficiency (Luminous Intensity per 
Ambient Temperature, T,MAX = 110°C Unit Current) vs. Peak LED Current 
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Figure 4. Forward Current vs. Forward Voltage Figure 5. Relative Luminous Intensity vs. DC Forward 
, Current 
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HER, Yellow, Green 
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OPERATION IN 
ui THIS REGION 


REQUIRES 


TEMPERATURE 


DERATING OF 
tpc MAX 


10000 


Figure 6. Maximum Allowed Peak Current vs. Pulse Duration 
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Ld HER GREEN EeRRE 
eS 


Roya = 322°C/W/LED 


30 






25 


Pee Tee 

Rosa = 430°C/W/LED 
| | 

Roya = 538°C/W/LED 


Ipc MAX — DC CURRENT PER LED — mA 


0 
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Ta - AMBIENT TEMPERATURE - °C 


Figure 7. Maximum Allowable DC Current per LED vs. 


90 






Ambient Temperature, T,; MAX = 100°C 
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Ve - FORWARD VOLTAGE - V 


Figure 9. Forward Current vs. Forward Voltage 
Characteristics 


nIPEAK - RELATIVE EFFICIENCY 
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Figure 8. Relative Efficiency (Luminous Intensity per 
Unit Current) vs. Peak PED Current 
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Figure 10. Relative Luminous Intensity vs. DC Forward 
Current 


For a detailed explanation on the use of data sheet information and recommended soldering procedures, see 


Application Notes 1005, 1027, and 1031. 
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Electrical 

These light bars are composed 
of two, four, or eight light 
emitting diodes, with the light 
from each LED optically 
scattered to form an evenly 
illuminated light emitting 
surface. 


The anode and cathode of each 
LED is brought out by separate 
pins. This universal pinout 
arrangement allows the LEDs 
to be connected in three possible 
configurations: parallel, series, 
or series parallel. The typical 
forward voltage values can be 
scaled from Figures 4 and 9. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. Expected 
maximum V, values for driver 
circuit design and maximum 
power dissipation, may be 


Optical 


Size of Light 
Emitting 


8.89 mmx 3.81mm | 33.87x 10-6 
8.89 mm x 19.05 mm | 135.48 x 10-§ 
| 3.81 mm x 19.05 mm | 72.85 x 10° 


The radiation pattern for 
these light bar devices is 
approximately Lambertian. 
The luminous sterance may be 
calculated using one of the two 
following formulas: 








, ed) 
L, (cd/m?) = 
(m?) 
mI, (cd) 
L, (footlamberts) = 
A (ft?) 





calculated using the following 
V,MAX models: 


AlGaAs Red HLCP-X100 series 


V,MAX = 1.8V+I 
For: I,,,, < 20 mA 
V,MAX = 2.0 V + I,,,,, (10Q) 
For: 20 mA <I, <45 mA 


Peak — 


(20Q) 


Peak 


HER (HDSP-2300/2600/2900), 
Yellow (HDSP-2400/2700/2900) 
and Green (HDSP-2500/2800/ 
2900) series 


V,MAX = 1.6 + I,,., (50Q) 


For:5 mA <I,,,,<20 mA 
VMAX = 1.8 + I, (40Q) 
For: I,.,2>20mA 


Peak ~ 


The maximum power 
dissipation can be calculated 

for any pulsed or DC drive 
condition. For DC operation, the 
maximum power dissipation is 
the product of the maximum 


Surface Area 


ce 
| 8.89 mm x 8.89 mm | 67.74 x 10-6 


Sq. Feet 
729.16 x 10°° 
364.58 x 10-6 
1458.32 x 10-® 
781.25 x 10°§ 


Refresh rates of 1 kHz or faster 
provide the most efficient 
operation resulting in the 
maximum possible time average 
luminous intensity. 


The time average luminous 
intensity may be calculated 
using the relative efficiency 
characteristic of Figure 3 or 8, 
Nl eax: and adjusted for 
operating ambient temperature. 
The time average luminous 
intensity at T, = 25°C is 
calculated as follows: 
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forward voltage and the 
maximum forward current. For 
pulsed operation, the maximum 
power dissipation is the product 
of the maximum forward 
voltage at the peak forward 
current times the maximum 
average forward current. 
Maximum allowable power 
dissipation for any given 
ambient temperature and 
thermal resistance (R@, ,) can be 
determined by using Figure 2 or 
7. The solid line in Figure 2 or 7 
(RO, , of 600/538 C/W) 
represents a typical thermal 
resistance of a device socketed 
in a printed circuit board. The 
dashed lines represent 
achievable thermal resistances 
that can be obtained through 
improved thermal design. Once 
the maximum allowable power 
dissipation is determined, the 
maximum pulsed or DC forward 
current can be calculated. 
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I 
I rue ave = E | (Lea) (I, Data Sheet) 


TEST 
where: 
Lesr = 3 MA for AlGaAs Red 

(HLMP-X000 series) 
20 mA for HER, 
Yellow and Green 
(HLMP-2XXX series) 

Example: 


For HLMP-2735 series 


| eee = 1.18 at L eate =48 mA 





12 mA 
i; TIME AVG > en (1.18) (35 mcd) 


= 25 mcd 





The time average luminous 
intensity may be adjusted for 


operating ambient temperature | 


by the following exponential 


equation: 


I, (T,) = I, (25°C)eK M 25°00 






Example: 
I, (80°C) = 
= 14 mcd. 


GaAs Red | -—0.0095/°C 


~0.0131/°C | 
—0.0112/°C 
~0.0104/°C 


(25 mcd )el-0.0112 (60-25)] 


Mechanical 


These light bar devices may _ 
be operated in ambient 
temperatures above +60°C 
without derating when installed 


in a PC board configuration that | 


provides a thermal resistance 
pin to ambient value less than 
280°C/W/LED. See Figure 2 or 7 
to determine the maximum 
allowed thermal resistance for — 
the PC board, R6,,,,, which will 
permit nonderated operation in 
a given ambient temperature. 


To optimize device optical 
performance, specially developed 
plastics are used which restrict 
the solvents that may be used 
for cleaning. It is reeommended 
that only mixtures of Freon 
(F113) and alcohol be used for 
vapor cleaning processes, with 
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an immersion time in the vapors 
of less than two (2) minutes 
maximum. Some suggested 
vapor cleaning solvents are 
Freon TE, Genesolv DES, | | 
Arklone A or K. A 60°C (140°F) 
water cleaning process may also 
be used, which includes a 
neutralizer rinse (3% ammonia . 
solution or equivalent), a 
surfactant rinse (1% detergent 
solution or equivalent), a hot 
water rinse and a thorough air 
dry. Room temperature cleaning 
may be accomplished with 


Freon T-E35 or T-P35, Ethanol, 


Isopropanol or water with a 
mild detergent. 


For further information on 


soldering LEDs please refer to | 
Application Note 1027. 


SINGLE CHIP LED LIGHT BAR 
Ein} HEWLETT | HIGH EFFICIENCY RED HLMP-T200 SERIES 


PACKARD YELLOW HLMP-T300 SERIES 
ORANGE HLMP-T400 SERIES 
HIGH PERFORMANCE GREEN HLMP-T500 SERIES 





Features 


e FLAT RECTANGULAR LIGHT EMITTING 
SURFACE 


LIGHT BARS AND BAR 
GRAPH ARRAYS 


e CHOICE OF 4 BRIGHT COLORS 
e EXCELLENT ON/OFF CONTRAST 


e IDEAL AS FLUSH MOUNTED PANEL 
INDICATORS 


e LONG LIFE: SOLID STATE RELIABILITY 





e SOLDER COATED LEADS 


Description | Applications 


The HLMP-T200/-T300/-T400/-T500 light bars are rectang- e BAR GRAPHS 


ular light sources designed for a variety of applications 
where this shape and a high sterance are desired. These e FRONT PANEL STATUS INDICATORS 


light bars consist of a rectangular plastic case around an e TELECOMMUNICATIONS INDICATORS 


epoxy encapsulated LED lamp. The encapsulant is tinted to 
match the color of the emitted light. The flat top surface is ¢ PUSH BUTTON ILLUMINATION 


exceptionally uniform in light emission and the plastic case e PC BOARD IDENTIFIERS 


eliminates light leakage from the sides of the device. e BUSINESS MACHINE MESSAGE 
ANNUNCIATORS 


6.22 _ 
(0.245) oo 
3.56 
Seal (0.140) 
, eh ae 0.38 oan 
A (0.015) 
3.68 ee 
(0.145) 
ia eee! ' 1.65 
(0.065) | 
20.0 
(0.780) MIN. 
LIGHTED | 
AREA 5.72 
(0.225) CATHODE 
i 
0.51 1.27 
NOM. 
NOTES: (0.020) 82: TYP. | | (0,050) 
1. DIMENSIONS ARE IN MILLIMETRES (INCHES). ) 
2. TOLERANCES ARE +0.25 mm (+0.010 INCH) —_ nee 


UNLESS OTHERWISE NOTED. 


2-19 





Electrical/Optical Characteristics at Ta = 25°C 


| | Device | Sa 
Description 3 HLMP- Typ. Test Conditions 
-| Luminous Intensity High Efficiency Red 
| ; T200 3.0 4.8 











Ip =20mA 

















Included Angle 
- Between Half 

Luminous Intensity 
Points , “2 









lp =20mA 
See Note 1 


Measurement at Peak 
626 

608 ; . 

585 nm See Note 2 

569 


All 










High Efficiency Red 
Orange 
Yellow 
Green 
High Efficiency Red 
Orange 

Yellow 

Green 


High Efficiency Red | 
Orange 
Yellow 

Green 


C Capacitance High Efficiency Red — 
—. | Orange 
Yellow 
Green 
Thermal Resistance All _ 
Forward Voltage HER/Orange 
™ 


Peak Wavelength 












Dominant Wavelength 












Speed of Response 




















Yellow 
Green 


1.5 2.2 26 V | Ie=20mA 
1.6 2.3 2.6 


Luminous Efficacy High Efficiency Red | 145 
Orange 262 lamene 
Yellow 500 Watt See Note 3 
Green 595 





L 


Notes: 

1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of 
the device. . 

3. Radiant intensity, le, in watts/steradian, may be found from the equation le = ly/ny, where ly is the luminous intensity in candelas and ny is 
the luminous efficacy in lumens/watt. . 


Characteristics at Ta = 25°C 


RELATIVE INTENSITY 





Figure 1. Relative Intensity vs. Wavelength. 


High Efficiency Red, Orange, Yellow, 
and Green Light Bars 


Tene TT 
ORANGE 
| oe 


_— +++ 


- FORWARD CURRENT - mA 


If 
nipeak - RELATIVE EFFICIENCY 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 





Ve - FORWARD VOLTAGE - V leak —- PEAK CURRENT PER LED — mA 
lcc — DC CURRENT PER LED — mA 


Figure 2. Forward Current vs. Forward Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency (Luminous 
Voltage Characteristics. vs. DC Forward Current. Intensity per Unit Current) vs. 
LED Peak Current. 
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Ip — PULSE DURATION — us 


Figure 6. Relative Luminous Intensity vs. 


Angular Displacement. 
Figure 5. Maximum Tolerable Peak Current vs. Pulse 


Duration. (Ipc MAX as per MAX Ratings). 
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Absolute Maximum Ratings at Ta = 25°C © 


High Efficiency Red/ 
Orange Yellow 


-40 to. +85 —-40 to +85 -20 to +85 
-55 to +100 65 to +100 ~55 to +100 


260° C for 3 seconds 









Parameter 






Peak Forward Current 
Average Forward Current] 
DC Currentl2! 

Power Dissipation|®] 
Operating Temperature Range 
Storage Temperature Range 


Reverse Voltage (Ip = 100 A) 


Transient Forward Currentl4] 
(10 usec Pulse) 





Lead Soldering Temperature 
[1.6 mm (0.063 in.) below 
seating plane] 










Notes: 2 

1. See Figure 5 to establish pulsed operating conditions. 

2. For Red, Orange, and Green derate linearly from 50°C at 0.5 mA/° C. For Yellow derate linearly from 50°C at 0.34 mA/°C. 

3. For Red, Orange, and Green derate power linearly from 25°C at 1.6 mW/°C. For Yellow derate power linearly from 50°C at 1.6 mW/°C. 

4. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 


and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 


Absolute Maximum Ratings. 


Electrical 


The typical forward voltage values, scaled from Figure 2, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Ve values for the purpose of driver circuit design and 
maximum power dissipation may be calculated using the 
following Vr models: 


Ve = 1.8V-+ IpeaK (402) 
For Ipeax 2 20 mA 


Ve = 1.6V + Ipc (500) 
ForS5mAS Ipc S 20 mA 


Optical 
The radiation pattern for these light bar devices is approx- 


imately Lambertian. The luminous sterance may be calc- 
ulated using one of the two following formulas: 





Ly (cd/m2) = ¥ a 
Ly (footlamberts) - 


Size of light emitting area (A)= 3.18 mm x 5.72 mm 
= 18.19 x 10-6 m2 
= 195.8 x 10-6 ft2 


Mechanical 


These light bar devices may be operated in ambient 


temperatures above +50° C without derating when installed 
in a PC board configuration that provides a thermal re- 
sistance (junction to ambient) value less than 625° C/W. 


To optimize device optical performance, specially devel- 
oped plastics are used which restrict the solvents that may 
be used for cleaning. It is recommended that only mix- 
tures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv Di-15 or 


_ DE-15, Arklone A or K. A 60°C (140°F) water cleaning 


process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
lsopropanol or water Bl a mild Hetergent: 
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10-Element Bar Graph Array 


Technical Data 


Features 

e Custom Multicolor Array 
Capability 

e Matched LEDs for Uniform 
Appearance 

e End Stackable 

e Package Interlock Ensures 
Correct Alignment 

¢ Low Profile Package 

e Rugged Construction 

e Large, Easily Recognizable 
Segments 

e High ON-OFF Contrast, 
Segment to Segment 

e Wide Viewing Angle 

e Categorized for Luminous 
Intensity 

¢ HDSP-4832/4836/4840/4850 
Categorized for Dominant 
Wavelength 

¢ HLCP-J100 Operates at 
Low Current 
Typical Intensity of 1.0 med 
at 1 mA Drive Current 


Applications 

¢ Industrial Controls 

°e Instrumentation 

¢ Office Equipment 

¢ Computer Peripherals 
¢ Consumer Products 


Description 

These 10-element LED arrays 
are designed to display 
information in easily 
recognizable bar graph form. 
The packages are end stackable 
and therefore capable of 
displaying long strings of 
information. Use of these bar 
graph arrays eliminates the 
alignment, intensity, and color 
matching problems associated 
with discrete LEDs. The HDSP- 
4820/4830/4840/4850 and 
HLCP-J100 each contain LEDs 
of one color. The HDSP-4832/ 
4836 are multicolor arrays with 
High Efficiency Red, Yellow, 
and High Performance Green 
LEDs in a single package. 


Package Dimensions 





LUMINOUS 
INTENSITY 
CATEGORY 


DATE CODE 






PIN 1 
MARKING 


0.61 — pl le 2544 0.25 
(0.024) <_— (0.100 + 0.010) 
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COLOR BIN 
(NOTE 3) 


HEWLETT 
PACKARD 


Uz 





HDSP-4820 
HLCP-J100 
HDSP-4830 
HDSP-4840 
HDSP-4850 
HDSP-4832 
HDSP-4836 





CUSTOM MULTICOLOR 
ARRAYS ARE AVAILABLE 
WITH MINIMUM DELIVERY 
REQUIREMENTS. CONTACT 
YOUR LOCAL DISTRIBUTOR 
OR HP SALES OFFICE FOR 
DETAILS. 


2. ALL UNTOLERANCED DIMENSIONS FOR 
REFERENCE ONLY. 
3. HDSP-4832/-4836/-4840/-4850 ONLY. 


6.10 + 0.25 
(0.240 + 0.010) 


5.08 0.38 
0.200 : 
10.200) (0.015) 


ce 


4.06 | l 
(0.160) 
MIN | 


7.62 + 0.38 
| (0.300 + 0.015) 


ce 
< 
ao 
[=] 
2 
” 
fe 
< 
i *] 
i 
9 
ad 


1. DIMENSIONS IN MILLIMETRES (INCHES). 
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Absolute Maximum Ratings"! 


~ Red AlGaAs Red HER Yellow 
Paraiicter | HDSP-4820 | HLCP-J100 | HDSP-4830| HDSP-4840 


Average Power Dissipation per ee 


Peak Forward Current per LED| 160mA™ s0mar 





~—40°C to +85°C | —20°C to +100°C —40°C to +85°C 


Operating Temperature Range 


Storage Temperature Range | -40°C to +85°C | —55°C to +100°C —40°C to +85°C 


Lead Soldering Temperature 
| (1.59 mm (1/16 inch) below | - 260°C for 3 seconds"! 
seating plane)! at | 


Notes: os 

1. See Figure 1 to establish pulsed operating conditions. Maximum pulse width is 1.5 ms. 

2. See Figure 2 to establish pulsed operating conditions. Maximum pulse width is 1.5 ms. 

3. See Figure 8 to establish pulsed operating conditions. Maximum pulse width is 2 ms. 

4. Derate maximum DC current for Red above T, = 62°C at 0.79 mA/°C, and AlGaAs Red above T, = 91°C at 0.8 mA°C. See 
Figure 3. io: 

5. Derate maximum DC current for HER above T, = 48°C at 0.58 mA/°C, Yellow above T, = 70°C at 0.66 mA/°C, and Green above 
T, = 87°C at 0.48 mA/°C. See Figure 9. teat 

6. Clean only in water, isopropanol, ethanol, Freon TF or TE (or equivalent), or Genesolve DI-15 (or equivalent). 

7. Absolute maximum ratings for HER, Yellow, and Green elements of the multicolor arrays are identical to the HDSP-4830/4840/ 
4850 maximum ratings. a ; 

8. Maximum component side temperature is 140°C during solder process. 


Internal Circuit Diagram 


Med 
» 
ene. 
ne | 
» 
| 
<a 
— 
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Multicolor Array Segment Colors 


HDSP-4832 HDSP-4836 
Segment Segment Color Segment Color 


a HER HER 
b HER HER 
c HER Yellow 
d Yellow Yellow 
e Yellow Green 
f Yellow Green 
g Yellow Yellow 
h Green Yellow 
i Green HER 
j Green HER 


Electrical/Optical Characteristics at T, = 25°C 
Red HDSP-4820 













[Parameter —_—_——~—~——~* Simba | ont Contions | Mim | Tym | Max | Unite 


—... 

[Dominant Wavelengine®™ iP 
[Forward Voltage per LBD «Ys (| se mA | 
Reverse Voltage perLED"™ | Wy | ei00na | 3 
[Temperature Coficient Vj perked | ayo | Ss 


Thermal Resistance LED Junction-to-Pin 


AlGaAs Red HLCP-J100 
Symbol 
ly I, = 20 mA Pk; 
1 of 4 Duty Factor 


| Min. 

. eee 

Peak Wavelength Se 
ANS Se AN NF 

I,=1mA ad 

ee 

sa 

_ 
















Luminous Intensity per LED 
(Unit Average)! 






F 
F 

Vy I, =20mA 
Reverse Voltage per LED®! I, =100pA 


Forward Voltage per LED 





Temperature Coefficient V,, per LED 


Thermal Resistance LED Junction-to-Pin col 
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GRAPH ARRAYS 
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High-Efficiency Red HDSP-4830 


Luminous pnrenety per LED 

Peak Wavelength aoe nN Sa 

| Dominant Wavelength i a aie 
I,=20mA | | 2. 





















Forward Voltage per LED Hoe 
Reverse Voltage per LED®! bee | I, = 100 pA | 30 | 


| Thermal Resistance LED Ju unction-to-Pin [em | a 
Yellow HDSP-4840 


Luminous Tee per LED . 
Pook Wavelength — 


et a 












Reverse Voltage per LEDS 7 =100pA 


| Temperature Coefficient V,, per LED rayre | 
| Thermal Resistance LED Junction-to-Pin = | 


Green HDSP-4850 | 








Peak Wavelength Aor AK 
Dominant Wavelength3] 

Forward Voltage per LED 

Reverse Voltage per LED!) 


Temperature Coefficient V,, per LED 


> 
< | ag 
> |* 
© 
nf 

li 

pnt 

© 

5 

> 


Thermal Resistance LED Junction-to-Pin 


Notes: 

1. The bar graph arrays are categorized for luminous intensity. The category is designated by a letter located on the side of the 
package. 

2. The dominant wavelength, A,, is derived from the CIE chromaticity diagram and is that single wavelength which defines the 
color of the device. : 

3. The HDSP-4832/-4836/-4840/-4850 bar graph arrays are categorized by dominant wavelength with the category designated by a 
number adjacent to the intensity category letter. Only the yellow elements of the HDSP-4832/-4836 are categorized for color. 

4. Electrical/optical characteristics of the High-Efficiency Red elements of the HDSP-4832/-4836 are identical to the HDSP-4830 
characteristics. Characteristics of Yellow elements of the HDSP-4832/-4836 are identical to the HDSP-4840. Characteristics of 
Green elements of the HDSP-4832/-4836 are identical to the HDSP-4850. 

5. Reverse voltage per LED should be limited to 3.0 V max. for the HDSP-4820/4830/4840/4850/4832/4836 and 5.0 V max. for the 
HLCP-J100. 
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RATIO OF MAXIMUM OPERATING 


IPEAK MAX 
Ipc MAX 


PEAK CURRENT TO TEMPERATURE 
DERATED MAXIMUM DC CURRENT 


Red, AlGaAs Red 


bh UGHNBOON 


wo 







































































1000 


tp — PULSE DURATION —- nSEC 











10000 


OPERATION IN THIS 
REGION REQUIRES 
|| TEMPERATURE 




















OPERATION IN THIS 
REGION REQUIRES 
TEMPERATURE DERATING 
OF Ipc MAX 











—+ 


= ~+— DC OPERATION 


Figure 1. Maximum Tolerable Peak Current vs. Pulse 
Duration - Red. 


Ipc MAX — MAXIMUM DC CURRENT PER SEGMENT - mA 


= 600°C/W 











mn 





\ 





Ta — AMBIENT TEMPERATURE - °C 


Figure 3. Maximum Allowable DC 
iis vs. Ambient Temperature. 


= 100°C for Red and T 


a ; AlGaAs Red. 


RELATIVE LUMINOUS INTENSITY 


(NORMALIZED TO 1.0 AT 20mA) 














JMAX 





Figure 6. Relative Luminous 
Intensity vs. DC Forward Current - 
Red. 


= 110°C 








|; — FORWARD CURRENT PER SEGMENT — mA 


1 PEAK— RELATIVE EFFICIENCY (NORMALIZED TO 


Figure 4. Relative Efficiency 
(Luminous Intensity per Unit 


1 AT 20 mA FOR RED: AT 1 mA FOR AlGaAs RED) 











CURRENT TO TEMPERATURE DERATED 
GRAPH ARRAYS 


RATIO OF MAXIMUM OPERATING PEAK 
lncMAX maxiIMUM DC CURRENT 


3 
2 
2 
a 
: 
g 











=< —..DC OPERATION 
10000 


lpeak MAX 





1000 


tp — PULSE DURATION — us 


Figure 2. Maximum Tolerable Peak Current vs. Pulse 
Duration — AlGaAs Red. 
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Ip - FORWARD CURRENT PER SEGMENT - mA 
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60 


80 100 120 140 160 


Ipeak — PEAK SEGMENT CURRENT — mA 


Ve —- FORWARD VOLTAGE - V 


Figure 5. Forward Current vs. 
Forward Voltage. 


Current) vs. Peak Current. 
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RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1 AT 1 mA) 





ee ee ee SD 
ee NE 





0.2 
|- - FORWARD CURRENT PER SEGMENT 
Figure 7. Relative Luminous 


Intensity vs. DC Forward Current - 
AlGaAs. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended Soldering Procedures, See 


Application Note 1005. 
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HER, Yellow, Green 
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DC OPERATION 


Figure 8. Maximum Tolerable Peak Current vs. Pulse 


Duration —- HER/Yellow/Green. 


-_ 





PER SEGMENT - mA 





Ipc MAX — MAXIMUM DC CURRENT 











Ta — AMBIENT TEMPERATURE — °C 


Figure 9. Maximum Allowable DC 
Current vs. Ambient Temperature. 
= 100°C. 
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JMAX 





















































le — FORWARD CURRENT PER SEGMENT — mA 


ie 
aan 


1.0 


4.0 


5.0 


Ve — FORWARD VOLTAGE — V 


Figure 11. Forward Current vs. 
Forward Voltage. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended Soldering Procedures, See 


Application Note 1005. 


























Tpeak — RELATIVE EFFICIENCY 























10 20 30 40 50 60 70 80 90 100 
IpeEak — PEAK SEGMENT CURRENT —mA 


Figure 10. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 





RELATIVE LUMINOUS INTENSITY 





15 20 2 30 35 40 


Ir — FORWARD CURRENT PER SEGMENT — mA 


Figure 12. Relative Luminous 
Intensity vs. DC Forward Current. 
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Electrical/Optical 


These versatile bar graph 
arrays are composed of ten light 
emitting diodes. The light from 
each LED is optically stretched 
to form individual elements. 
The Red (HDSP-4820) bar 
graph array LEDs use a p-n 
junction diffused into a GaAsP 
epitaxial layer on a GaAs 
substrate. The AlGaAs Red 
(HLCP-J100) bar graph array 
LEDs use double heterojunction 
AlGaAs on a GaAs substrate. 
HER (HDSP-4830) and Yellow 
(HDSP-4840) bar graph array 
LEDs use a GaAs?P epitaxial 
layer on a GaP substrate. Green 
(HDSP-4850) bar graph array 
LEDs use liquid phase GaP 
epitaxial layer on a GaP sub- 
strate. The multicolor bar graph 
arrays (HDSP-4832/4836) have 
HER, Yellow, and Green LEDs 
in one package. 


These displays are designed for 
strobed operation. The typical 
forward voltage values can be 
scaled from Figures 5 and 11. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. Expected 
maximum V,, values for driver 
circuit design and maximum 
power dissipation may be 
calculated using the following 
V,MAX models: 


Standard Red HDSP-4820 
series 


V,MAX = 1.8 V + I,., (10 Q) 
For: I, 25 mA 


AlGaAs Red HDSP-J100 series 


V,MAX = 1.8 V + IL, (20 Q) 
For: I,.,, < 20 mA 
V,MAX = 2.0 V + I, (10 Q) 
For: I,.., 2 20 mA 
HER (HDSP-4830) and Yellow 
(HDSP-4840) series 
V,MAX = 1.6 + I, (45 Q) 
For:5 mA <I, < 20 mA 
V,MAX = 1.75 + I... (88 Q) 
For: I,,., 2 20 mA 
Green (HDSP-4850) series 
V,MAX = 2.0 + I... (50 Q) 


For: I... > 5 mA 


Figures 4 and 10 allow the 
designer to calculate the 
luminous intensity at different 


peak and average currents. The 


following equation calculates 
intensity at different peak and 
average currents: 


1,AVG = (I,AVG/I,AVG DATA 
SHEET)(y 
SHEET) 


peak 


Where: 
I AVG is the calculated time 


averaged luminous intensity 


resulting from I,AVG. 
[AVG is the desired time 
averaged LED current. 
T,AVG DATA SHEET is the 
data sheet test current for 
I,DATA SHEET. 


TN eak 


Figure 4 or 10. 

I, DATA SHEET is the data 
sheet luminous intensity, 
resulting from ILAVG DATA 
SHEET. 


2-29 


\,DATA 


is the relative efficiency at 
the peak current, scaled from 


For example, what is the 
luminous intensity of an HDSP- 
4830 driven at 50 mA peak 1/5 
duty factor? 


LAVG = (50 mA)(0.2) = 
10 mA 
[AVG DATA SHEET = 10 mA 


Nex = 1.3 
I, DATA SHEET = 3500 ped 


Therefore 
I,AVG = (10 mA/10 mA) 
(1.3)(3500 cd) 


= 4550 jicd 
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¢ HEWLETT PANEL AND | HLMP-2598 
LEGEND MOUNTS FOR fepaaliei 
a LED LIGHT BARS | Himp-2899 





Features 
e FIRMLY MOUNTS LIGHT BARS IN PANELS 


e HOLDS LEGENDS FOR FRONT PANEL OR 
PC BOARD APPLICATIONS" » 


e ONE PIECE, SNAP-IN ASSEMBLY 


e MATTE BLACK BEZEL DESIGN ENHANCES 
PANEL APPEARANCE 


e FOUR SIZES AVAILABLE 


e MAY BE INSTALLED IN A WIDE RANGE OF 
PANEL THICKNESSES 





e PANEL HOLE EASILY PUNCHED OR MILLED 


Description 


This series of black plastic bezel mounts is designed to (0.125 inch). A space has been provided for holding a 0.13 
install Hewlett-Packard Light Bars in instrument. panels —=mm (0.005 inch) film legend over the light emitting surface 
ranging in thickness from 1.52 mm (0.060 inch) to 3.18 mm of the light bar module. 


selection Guide 


















Panel and Legend 
Mount Part No. 
HLMP- 


Corresponding Light Bar 
Module Part No. 











Panel Hole Installation | 
Dimensions?! 


Package 
Outline 







2598 B100 B 
2599 A100 A 





| D100 
2898 C100 
2899 


Notes: 
1. Application Note 1012 addresses legend fabrication options. 
2.. Allowed hole.tolerance: +0.00 mm, -0.13 mm (+0.000 inch, -0.005 inch). Permitted radius: 1.60 mm (0.063 inch). 











2620, 2720, 2820 
2635, 2735, 2835 
G100| 2670, 2770, 2870 
H100} 2685, 2785, 2885 
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Package Dimensions 














8.69 18.85 
so (0.742) 
1 | 
8.64 + 0.25 
(0.340 + 0.010) 
a TOP A ToPB SIDE A,B i & 
ow 
> 
1372+0.25 le—— 23.88 + 0.25 0.76 6.22 + 0.25 a & 
| (0.540 + 0.010) | ; (0.940 + 0.010) (0.030) (0.245 + 0.010) Zo 
ese 2 < 
een a3 
a8 
E ce 
3.72 + 0.25 8.69 6° 
(0.540 + 0.010) (0.342) 3 
TOP C TOP D SIDE C,D 
NOTES: 1. DIMENSIONS IN MILLIMETRES (INCHES) 


2. UNTOLERANCED DIMENSIONS ARE FOR 
REFERENCE ONLY. 


Mounting Instructions 


1. Mill'Si or punch a hole in the panel. Deburr, but do not 


chamfer, the edges of the hole. 


. Place the front of the mount against a solid, flat surface. 
A film legend with outside dimensions equal to the out- 
side dimensions of the light bar may be placed in the 
mount or on the light bar light emitting surface. 
Press the light bar into the mount until the tabs snap 
over the back of the light barl4]. When inserting the 
HLMP-2898, align the notched sides of the light bar 
with the mount sides which do not have the tabs). 
(See Figure 1) 

. Applying even pressure to the top of the mount, press the 
entire assembly into the hole from the front of the panell®l. 
(See Figure 2) 

NOTE: For thinner panels, the mount may be pressed into 

the panel first, then the light bar may be pressed into the 

mount from the back side of the panel. 

Notes: 


3. A3.18 mm (0.125 inch) diameter mill may be used. 

4, Repetitve insertion of the light bar into mount may cause 
damage to the mount. 

5. Repetitive insertion of the mount into the panel will degrade the 


retention force of the mount. 


Suggested Punch Sources 


Hole punches may be ordered from one of the following 
sources: 


Danly Machine Corporation 
Punchrite Division 

15400 Brookpark Road 
Cleveland, OH 44135 

(216) 267-1444 

Ring Division 

The Producto Machine Company 
Jamestown, NY 14701 

(800) 828-2216 


Porter Precision Products Company 
12522 Lakeland Road 

Santa Fe Springs, CA 90670 

(213) 946-1531 


Di-Acro Division 
Houdaille Industries 
800 Jefferson Street 
Lake City, MN 55041 
(612) 345-4571 


Installation Sketches 


rts 


Figure 1. Installation of a Light Bar into a Panel Mount 


a * 


TAB 


Figure 2. Installation of the Light Bar/Panel Mount Assembly into 
a Front Panel 
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Solid State Lamps 


From General to Special 
Purpose Lamps, Hewlett- | 
Packard continues to grow its 
LED lamp product offering. 
This year, HP expanded the AS 
AlGaAs product family with the 
introduction of new rectangular, 
T1, T-1 3/4, and subminiature 
lamps. : 7 


HP always strives to supply 
products with greater | 
performance each year. To this 
effect, HP has introduced a. 
new series of transparent | 
substrate AlGaAs products, 
including the world's brightest 
LED, the HLMP-8150. - 


New packages are always an 
area of growth and importance 
to designers and Hewlett- 
Packard. Now, applications 


_ that require a high brightness 


light source can be addressed 
with HP's high power LED 


- family. These LEDs have a | 
superior optical performance due 


to the high tech package design. 
In addition, these parts are 
capable of being driven by higher 
currents than traditional LEDs 
and this results in more light 
output. Finally, designers will 
have a high reliability 
alternative to applications which 
traditionally required the _ 


- brightness supplied by incandes- 


cent bulbs. | 
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High Power TS AlGaAs Lamps 


| evice | __ serpin Typed 
Luminous 
Package Outline Drawing PartNo. | Color | Package intensity | 20 1/2 


Ce HLMP-8150 | Red | T-4 Untinted 
(637 nm) Nondiffused| @ 20 mA 
HLMP-8104 Red Untinted 
Nondiffused| @ 20 mA 
HLMP-8103 
HLMP-8102 
HLMP-8100 


High Intensity DH AlGaAs Lamps 


Luminous Forward | Page 


HLMP-D101 | AlGaAs | T-1 3/4 Tinted 70.0 med 18V | 3-38 
Diffused | @20mA @20mA : 
Untinted | 240.0mcd; 24° 
Nondiffused| @ 20 mA 


Red 
HLMP-D105 
3-3 









Typical 
Forward 
Voltage 





Page 
No. 


1.85 V | 3-30 
@20mA 


7 be 1.85 V | 3-34 
@20mA 


0.7 mcd 1 






















: 
5 
ve 
_ 
Pas 
n 
(=) 
= 
oO 
2) 





© SSD 


@ 20 mA 




















Typical 













(637 nm) 








Bold Type — New Product 


High Intensity DH AlGaAs Lamps (Continued) 
3 ———— Luminous 
Part No. Color | Package Intensity | 26 1/2 | Voltage | No. 


HLMP-K101 | AlGaAs. | T-1 | Tinted | 450mcd | 60° | 18Vv | 3-38 
Red — - Diffused | @20mA @ 20 mA 
(637 nm) | | 


HLMP-K105 Untinted. |.65.0 mcd 45° 
7 Nondiffused | @ 20 mA 


Typical 



















-HLMP-R100 Rectangular Tinted 7.5 mcd 
Bias: vitused | @ 20mA 
HLMP-S100 2mmx5mm 7.5 mcd 3-87 
ee sees, Rectangular @ 20 mA 
—=T0OF HLMP-P105 Flat Top. Untinted | 10.0med | 125° | 1.7V 
ees a I Subminiature |Nondiffused) @ 10 mA @10mA 
| HLMP-Q101 Subminiature | Tinted | 45.0med | 70° | 1.8V 
| Diffused | @20mA @ 20 mA 
HLMP-Q105 Untinted | 55.0 mcd 17V 
| : Nondiffused| @ 10 mA @ 10 mA 
Luminous 
Package Outline Drawing } PartNo. | Color | Package | Lens Intensity | 20 1/2 


HLMP-D150| AlGaAs Tinted | 3.0mcd 
Diffused | @1mA 

Untinted | 10.0 mcd 

@imA 
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Low Current DH AlGaAs Lamps 






















Typical 
Forward | Page 
Voltage 









16V | 3-42 
@imA 













HLEMP-D155 






Nondiffused 





Bold Type — New Product 


Low Current DH AlGaAs Lamps (Continued) 


Luminous Forward | Page 







HLMP-K150| AlGaAs | T-1 Tinted 2.0 mcd 60° 16V | 3-42 
Red Diffused @imA @1mA 
(637 nm) 





HLMP-K155 Untinted 3.0 mcd 45° 
Nondiffused| @1mA 
HLMP-Q150 Subminiature Tinted 1.8 mcd 70° 
Diffused @1mA 
HLMP-Q155 Untinted 40 mcd 
Nondiffused| @ 1.0 mA 


Very High Intensity AlGaAs Lamps 
Luminous Forward | Page 
Package Outline Drawing } partNo. | Color | Package | Lens Intensity | 20 1/2 | Voltage A 








HLMP-4100 | AlGaAs | T-1 3/4 Untinted | 750.0 mcd 
Nondiffused] @ 20 mA 
HLMP-4101 1000.0 mcc 
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Bold Type — New Product 
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Ultrabright Lamps 















Typical | 
| Luminous } 


Typical 
| Forward | Page 
Intensity | 26 1/2 | Voltage | No. 


Description 





Package Outline Drawing 







Untinted 





7 HLMP-3750] High | T-1 3/4 125.0 med} 24° | 22V | 3-50 
| Efficiency Non-diffused| @ 20 mA @ 20 mA 
Red 
(626 nm) 
| HLMP-3850 | 140.0 med 2.2V 
| | | @20mA @ 20 mA 
ae HLMP-3950| Green 120.0 med] 23V | 


(569 nm) @ 20 mA @ 20 mA 















Untinted 
Non-diffused| @ 20 mA 






T-1 3/4 
Low Profile 


HLMP-3390 | High 
Efficiency | 
| Red 
(626 nm) 
HLMP-3490 | Yellow 
| (585 nm) | 


HLMP-3590 


32° 2.2V 
@20mA 


| 2.2V 
@ 20 mA 
23 
@ 20 mA 
2.2V 
@ 20 mA 
| 22V 
| @20mA 









Green 
(569 nm) 










HLMP-1340 Untinted | 45.0 mcd 


Non-diffused| @ 20 mA 





HLMP-1440 | Yellow | 


(585 nm) 


| HLMP-1540 2.3 V 
@ 20 mA| 
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Low Current Lamps 


















Typical 
Luminous 


Typical 
Forward | Page 











@2mA 


Intensity | 26 1/2 | Voltage | No. 
HLMP-4700 | High T-1 3/4 Tinted 2.0 mcd 50° 18V | 3-54 
Efficiency Diffused @2mA @2mA 
Red 
(626 nm) 
HLMP-4719] Yellow 1.8 mcd 1.9V 
| (585 nm) @2mA @2mA : 
e 
(2) 
a 
3 
HLMP-4740 | Green 1.8 mcd 1.8V 
(569 nm) | @2mA @2mA 
HLMP-1700| High j T-1 Tinted 1.8 mcd 1.8V 
{| Efficiency Diffused | @2mA @2mA 
Red 
[ | (626 nm) 
HLMP-1719 | Yellow 1.6 mcd 1.9V 
(585 nm) @2mA @2mA 
HLMP-1790} Green 1.6 mcd 1.8V 
(569 nm) @2mA @2mA 
- 0.8 mcd 3-91 


0.6 mcd 
@2mA 


® ® . 
NM tt ™M © 
3a< 3< 
> > 





0.6 mcd 18V 


@2mA 





HLMP-7000 | High | Subminiature Tinted 
Efficiency Diffused 
Red 
(626 nm) 
HLMP-7019} Yellow 
(585 nm) 
HLMP-7040} Green 
(569 nm) 
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High Intensity T-1 3/4 Lamps 


Package Outline Drawing | PartNo. | Color Package 















Luminous 





Typical 


Intensity | 26 1/2 





HLMP-3315 T-1 3/4 Tinted | 40.0mcd| 35° | 22V | 3-58 
i Nondiffused) @ 10 mA @10mA 
HLMP-3316 | (626 nm) | 60.0 mcd 
@10mA 
HLMP-3415 | Yellow 40.0 med 22V 
| (585 nm) | @10mA @10mA 
HLMP-3416 50.0 mcd 
o 0] ee == 
SS HLMP-3517 | Green 50.0mcd | 24° 23V 
| (569 nm) | @10mA |@10mA 
HLMP-3519 | | 70.0 med 
i ~-@10mA 


Diffused (Wide Angle) T-1 3/4 Lamps 


Luminous 


HLMP-3300 | High 3.5 mcd 
Efficiency ~@10mA 
Red 
(626 nm) 












Typical 
Forward | Page | 
Voltage 














HLMP-3301 


HLMP-3762 
HLMP-D400 | Orange 
HLMP-D401 


1 HLMP-3400 | Yellow 


7.0 mcd 
@10mA 






12.0 mcd 
@ 10 mA 


3.5 mcd 
@10mA 


las 
- 
hd 
wn 
Q 
= 
ro] 
72) 





7.0 mcd 
@10mA 






) SS) OD 


4.0 mcd 
@10mA 





| HLMP-3401 


| HLMP-3862 
HLMP-3502 | Green 
(569 nm) 
| HLMP-3507 
HLMP-3962 





8.0 mcd 
@10mA 


12.0 mcd 
@10mA 






2.4 mcd 
@10mA 


5.2 mcd 
@10mA 


11.0 mcd 
@10mA 





High Intensity T-1 3/4 Low Profile Lamps : 


ee eee 
Pacage Outine Drawing | PartNo. | olor | Package | Lens 


| HLMP-3365 | High | T-1 3/4 Tinted | 10.0 mcd 22V | 3-66 
, Efficiency | Low Profile Non- | @10mA @ 10 mA 
Red * Diffused 
(626 nm) : | | 18.0 mcd 







Typical 
Luminous 
‘Intensity 


Typical 






| Voltage 






@ 10 mA 


| H 
| _ | HLMP-3465 | Yellow 12.0 med 2.2V 
| @ 10mA @ 10 mA 
~HLMP-3466 18.0 mcd 
| @ 10mA 
HLMP-3567 | Green 70mcd | 40° 2.3V | 
(569 nm) @ 10 mA | @10mA 


| ~HLMP-3568 15.0 mcd 
| a @ 10mA 
Diffused (Wide Angle) T-1 3/4 Low Profile Lamps 


; Luminous Forward 
_ Package Outline Drawing | PartNo. | Color | Package | Lens Intensity | 26 1/2 | Voltage 


HLMP-3200 Red T-1 3/4 Tinted | 2.0 mcd 16V | 3-66 
7 (640 nm) | Low Profile Diffused | @ 20 mA @ 20 mA 
HLMP-3201 4.0 med | 

@ 20 mA 

3.5 mcd 50° 2.2V 

@ 10 mA @ 10 mA| 

7.0 mcd 

@10mA 

| 4.0 mcd 2.2V 

@10mA @10mA 

10.0 mcd | 

@10mA 

| 3.2mcd 2.3 V 

@10mA @ 10 mA 


| HLMP-3350 
10.0 mcd 
@10mA 
















































High 
Efficiency 
Red 
(626 nm) 











HLMP-3351 
HLMP-3450 | Yellow 


HLMP-3451 

HLMP-3553 | Green 
(569 nm) 

HLMP-3554 
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Standard Red T-1 3/4 Lamps 





Device 


Package Outline Drawing 
| IE | 
ame 


= HLMP-3002 


HLMP-3000 


HLMP-3001 


HE 


HLMP-3003 


HLMP-3050 


p See | 


T-1 3/4 Mounting Hardware 


Device 


Package Outline Drawing 


HLMP-0103 


en ae 


(648 nm) 
















Typical 
Luminous 
Intensity 


Typical 
Forward | Page 
Voltage | No. 


3-71 


20 1/2 


Red T-1 3/4 Tinted 


Diffused | @ 20 mA 


16V 
@20mA 





ee 
3 
Lad 
oy 
< 
- 
n 
.a 
i 
ro 
n” 


Tinted 2.5 mcd 24° 
Non- @20mA 
Diffused 


Description 


Mounting Clip and Ring for T-1 3/4 Lamps 
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T-1 High Intensity Lamps 









Typical 
Luminous 
Intensity 


Typical | 
Forward |Page| 
Voltage | No. 


| 3-73 












~HLMP-1320| High | T-1 Untinted |. 12.0 mcd 
| Efficiency Nondiffused| @10mA 
Red 


Tinted 
Nondiffused 






HLMP-1321 | (626 nm) 





_HLMP-1420 Untinted | 12.0 mcd 


Nondiffused| @10mA 


Yellow 
(585 nm) 













HLMP-1421 Tinted 
ed Nondiffused 
= -HLMP-1520| Green. Untinted | 12.0 med | 23v 
(569 nm) Nondiffused| @10mA @ 10mA 
| HLMP-1521 Tinted 
Nondiffused 


T-1 Diffused (Wide Angle) Lamps 
7 Luminous Forward | Page 
Package Outline Drawing | color | Package Intensity Voltage | No. 








HLMP-1300 | High | T-1 22V |3-77 
Efficiency Diffused} @ 10 mA @10mA 
Red | 

HLMP-1301 | (626 nm) 

HLMP-1302 

HLMP-1385 | 

HLMP-K400 | Orange 

HLMP-K401 

HLMP-K402 
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T-1 Diffused (Wide Angle) Lamps (Continued) 


Device Description Typical 
Luminous Forward | Page 
Package Outline Drawing color | Package | Lens Intensity | 26 1/2 | Voltage | No. 










HLMP-1400 Yellow | T-1 Tinted 5.0 mcd 60° 22V {3-77 
(585 nm) Diffused | @10mA @10mA 
HLMP-1401 6.0 mcd 
@10mA 





HLMP-1402 oe 
. § 
ul. 
5 
HLMP-1485 a 
a 
HLMP-1503 | Green 2.3V 
(569 nm) @10mA 


HLMP-1523 


HLMP-1585 


9 =p 
| 





3-13 


T-1 Standard Red Lamps | , 
— Luminous _ |Forward | Page 
Package Outline Drawing | PartNo. | Color Package Intensity | 26 1/2 | Voltage | No. 


HLMP-1000 | Red | T-1 | Tinted 1.0 mcd 8-81 
(648 nm) Diffused | @20mA 
HLMP-1002 | | 2.5mcd 
@ 20 mA 













HLMP-1080 Untinted |. 1.5 mcd 
Diffused | @20mA 


HLMP-1071 Untinted 2.0 med 45° 16V 
Non-Diffused) @ 20 mA @ 20 mA 


HLMP-1200 T-i Untinted 1.0 mcd 
Low Profile Non-Diffused} @ 20 mA 

HLMP-1201 2.5 mcd 
@ 20 mA 


T-1 Low Profile Diffused Lamps 


Device Description Typical 
Luminous Forward 
Package Outline Drawing | parto. | Color | Package | Lens Intensity | 20 1/2 | Voltage 


HLMP-1350 | High | T-1 Tinted 2.0 mcd 2.2V 
Efficiency | Low Profile Diffused | @10mA @ 10 mA 
Red 
(626 nm) 
HLMP-1450 | Yellow 2.2V 
(585 nm) @10mA 
HLMP-1550 | Green 2.3V 
(569 nm) @10mA 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 
















Typical 
Page 
No. 
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Rectangular Lamps 


ee ee 














Typical Typical 
















5.0 mcd 

@20mA 

2.5 mcd 2.2V 
@ 20 mA @ 20 mA 
5.0 mcd 

@ 20 mA 

2.5 mcd 2.3V 
@ 20 mA @ 20 mA 
5.0 mcd 

@20mA 


Luminous Forward | Page 
Package Outline Drawing | PartNo. | Color | Package | Lens | intensity | 20 1/2 | Voltage | No. 
HLMP-R100 Rectangular Tinted 7.5 mcd 100° 18V | 3-83 
Diffused | @20mA @ 20 mA 
HLMP-0300 2.5 mcd 2.2V 
@ 20 mA @20mA 
HLMP-0301 


~ HLMP-0400 


HLMP-0401 


HLMP-0503; Green 
(569 nm) 


HLMP-0504 


Bold Type — New Product 
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2mm x 5 mm Rectangular Lamps 





Device 





Package Outline Drawing 


HLMP-S100| 


HLMP-S200 
HLMP-S201 


Lit AAD 
CULGvil ~ 


| == | 





nn Dreanan 
VU Widal lyo 


(602 nm) 


CA 
wt 





HLMP-S401 





HLMP-S300 







HLMP-S301 


HLMP-$500 Green 
(569 nm) 


HLMP-S501 





Bold Type — New Product 





Creve [oor | roe | tom 


Rectangular | Diffused 


Typical 
Luminous 
Intensity |. 26 1/2 


75med | 110° | 18V | 3-87 
@ 20 mA @ 20 mA 

~ 3.5 med 2.2V 
@ 20 mA @ 20 mA 









2.14mcd | 22V 
@ 20 mA @ 20 mA 





Subminiature Flat Top Lamps 


Luminous Forward | Page 
Package Outline Drawing | PartNo. | Color | Package Lens Intensity | 2601/2 | Voltage | No. 








HLMP-P005/} Standard | Flat Top Untinted 2.5 mcd 125° 1.6V | 3-91 
= OR Subminiature | Non-diffused| @ 10 mA @ 10mA 
HLMP-P105| DH | 45.0 med 18V 
AlGaAs @ 20 mA @20mA 
Red 
(637 nm) 


s 
s 
2 
C4 
— 
a, 
=) 
= 
ro] 
72) 





HLMP-P205| High 5.0 mcd 1.8V 

Efficiency @10mA @10mA 
Red 

(626 nm) 

HLMP-P405; Orange 
(602 nm) 

HLMP-P305; Yellow 
(585 nm) 


HLMP-P505; Green 5.0 mcd 
| (569 nm) @ 10 mA 









Bold Type — New Product 
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Subminiature Diffused Lamps 


| | Luminous 


HLMP-6000 | Standard | Subminiature 
a — 







= 0 [ae 


HLMP-Q101 
AlGaAs 
Red 
(637 nm) 


HLMP-6300 | igh 





HLMP-Q400 } Orange 
| (602 nm) 


HLMP-6400 | Yellow 
(585 nm) 
HLMP-6500 | Green | 
(569 nm) 


Subminiature Nondiffused Lamps 


PacageOutine Drawing | PartNo. | Color | Package 









HLMP-Q105 | DH 


AlGaAs 


HLMP-6505 | Green 
(569 nm) 










Untinted | 55.0 mcd 
Non-diffused) @ 20 mA | 





Typical 
Forward | Page 
Voltage | No. 


Tinted 1.2 mcd 90° 16V | 3-91 
Diffused @ 10mA @ 10 mA 
3.2 mcd 16V 
@10mA @10mA 


45.0 mcd 18V 
@ 20 mA @ 20 mA 


3.0 mcd 1.8V 
@10mA @10mA 


3.0 mcd 1.9V 
@10mA @ 10 mA| 
3.0 mcd 2.0 V 
@ 10 mA | @10mA 
3.0 mcd 20V | 
@ 10mA @10mA 
Typical | 


Luminous Forward | Page 
Intensity | 261/2 | Voltage 








Typical 









12.0 mcd 

@10mA | 

12.0 mcd | | 
@10mA 

12.0 mcd | 
@10mA 





Subminiature Low Current Lamps 
3 Luminous Forward | Page 
Package Outline Drawing | PartNo. | Color | Package | Lens | Intensity | 2601/2 | Voltage | No. 











HLMP-Q150 DH Subminiature Tinted 1.8 mcd 
AlGaAs Diffused {| @1.0mA 


Red 
sate a HLMP-Q155 | (637 nm) Untinted | 4.0 mcd 
Nondiffused| @ 1.0 mA} 


HLMP-7000 | High Tinted 0.8 mcd 18V@ 
Efficiency Diffused | @2.0mA 10.0 mA 
Red 
(626 nm) 


16V | 3-91 
@1.0mA 





HLMP-7019 | Yellow 20V@ 
(585 nm) 10.0 mA 
HLMP-7040 20V@ 


Subminiature Resistor Lamps 


ee 


HLMP-6600 Subminiature 
| TR -@— 


Efficiency | Resistor 
= = a HLMP-6620 


HLMP-6700 | Yellow 





Bold Type — New Product 























Typical 
Luminous 
Intensity 


5.0 med 
@5.0V 
2.0 mcd 
@5.0V 
5.0 mcd 
@5.0V 
2.0 mcd 
@5.0V 
5.0 mcd 
@5.0V 


2.0 mcd 
@5.0V 


Forward | Page 
26 1/2 | Current | No. 


9.6mA | 3-91 
@5.0V 
3.5 mA 
@5.0V 
9.6mA 
@ 5.0 V 
3.5 mA 
@5.0V 
| 96mA : 
@5.0V 













Tinted 
Diffused 













HLMP-6720 


HLMP-6800 | Green 
(569 nm) 
HLMP-6820 










3.5 mA 
@5.0V 
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Subminiature Lamp Arrays 


——__——— — Luminous 






20 1/2 
























| HLMP-6203 | Red Array t}31_ Tinted 1.2 mcd 90° 
S o 4 | HLMP-6204 | (640 nm) 4| Diffused | @10mA 
HLMP-6205 . 5 
Loe 6 =O | HLMP-6206 6 
[a> = — | HLMP-6208 | 8 
| HLMP-6653 | High 3 3.0 med 18V 
| -HLMP-6654 | Efficiency 4 @10mA @10mA 
_.. HLMP-6655 | Red 5 
HLMP-6656 | (626 nm) 6] 
HLMP-6658 8 
HLMP-6753 | Yellow 3 2.0V 
HLMP-6754 | (585 nm) 4 @10mA 
| HLMP-6755 5 
HLMP-6756 6 
HLMP-6758 8 
HLMP-6853 | Green 2.0V 
HLMP-6854 | (569 nm) 


@ 10 mA} 


HLMP-6855 
HLMP-6856 
HLMP-6858 


om on & ®d 





TArray length 
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Lead Bend Options, Subminiature Lamps 


Description Page 
No. 


Gull Wing, Tape and Reel, 1500 Lamps per Reel 





















Device 


Package Outline Drawing 


Option No. 


Gull Wing, Bulk Packaging 


Gull Wing Array, Shipping Tube 


Yoke Lead, Tape and Reel, 1500 Lamps per Reel 


rs 
= 
: 
< 
7 
[=] 
= 
B 





Yoke Lead, Bulk Packaging 


2-Bend, Tape and Reel, 1500 Lamps per Reel 


2-Bend, Bulk Packaging 


2.54 mm (0.100 in) Rt. Angle Bend, Long Leads 


2.54 mm (0.100 in) Rt. Angle Bend, Short Leads 


5.08 mm (0.200 in) Rt. Angle Bend, Long Leads 


5.08 mm (0.200 in) Rt. Angle Bend, Short Leads 
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Bicolor Solid State Lamps 
























Typical 
Forward | Page 
Voltage | KN 


| Typical 


re 
Luminous 


Package Outine Drawing | PartNo. | Color | Package | Lens | intnst 


—- HLMP-0800 2mmx5mm | Untinted | 3.5 mcd 
| Efficiency | Rectangular | Diffused 








HLMP-4000 | High | T-13/4 Untinted 5.0 mcd 65° 2.1V 
Efficiency Diffused | @10mA @10mA 
Red - 
(626 nm) 
Green 8.0 mcd 2.3 V 


(569 nm) @10mA @10mA 


Bold Type — New Product 
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T-1 3/4 and T-1 Integrated Resistor Lamps 


























Typical 
Luminous 
intensity 


3.0 mcd 
@5V 


Device 


Package Outline Drawing | PartNo. | Color | 


HLMP-3105 | Red 


(648 nm) 
HLMP-3112 


HLMP-3600 


Description 
Forward | Page 


26 1/2 | Current | No. 


13 mA | 3-115 
@5V 


Tinted 
Diffused 


Package 














3.0 mcd 
@12V 


13 mA 
@12V 















High 8.0 mcd 10 mA 





[¢¢] 
= 
Efficiency 4 
Red < 
HLMP-3601 | (626 nm) 8.0 mcd 13 mA 2 
@12V @12V a 
HLMP-3650 | Yellow 8.0 mcd 10 mA 
@5V @5V 
HLMP-3651 8.0 mcd 13 mA 
@12V @12V 
HLMP-3680 8.0 mcd 12mA 
@5V @5V 
HLMP-3681 8.0 mcd 13 mA 
@12V @12V 
HLMP-1100| Red | T-1 Tinted | 25 mcd | 13mA 
(648 nm) Diffused @5V @5V 





| HLMP-1120 


Untinted | 
Diffused 


Tinted 
Diffused 


HLMP-1600 8.0 mcd 


@5V 


10 mA 
@5V 


| HLMP-1601 8.0 mcd 


@12V 


13 mA 
@12V 








HLMP-1620 | Yellow 


(585 nm) | 
HLMP-1621 


| HLMP-1640 
HLMP-1641 


8.0 mcd 
@5V 


10 mA 


8.0 mcd 
@12V 


13 mA 
@12V 


8.0 mcd 12mA 


@5V 


Green 
(569 nm) 


ol 
< 


8.0 mcd 
@12V 


13 mA 
@12V 


= <= 
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2mm dicta re Top ae 


Forward | Page 
en Outline Drawing ee a Intensity | 2061/2 | Voltage | No. 


HLMP-1800 | High | 2mmFlatTop, | Tinted | 18mcd | 140° | 22V {| * 
Efficiency | Round Emitting | Diffused | @10mA @10mA 
Red | Surface 
HLMP-1801 | (626 nm) | 29:med 
@10mA 
1S. % HLMP-1819 | Yellow 1.5 med 22V 
ee: (585 nm) @10mA @10mA 
“4 ©} HLMP-1820 | 2.5 mcd 
@10mA 


HLMP-1840 | Green 2.0 mcd 23V | 
(569 nm) @ 10 mA @ 10mA 
HLMP-1841 3.0 mcd 
| . @10mA 
| HLMP-1740 i 0.5 med | 1.8V 
(Low ici e fhe @2mA @2mA 
Current) 
HLMP-1760 | Yellow 0.4 mcd 19V | 
(Low | @2mA @2mA 
Current) | 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 













Typical 
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2mm Round Integrated Resistor Lamps 










Typical 
Luminous 
Intensity 


Typical 


Forward | Page 
20 1/2 | Voltage | No. 





























HLMP-1660 | High | 2mm Fiat Top, Tinted | 1.0mcd | 140° | 10mA | * 
Efficiency | Round Emitting | Diffused | @5V @5V 
Red | Surface 


(626 nm) 
HLMP-1661 13 mA 


@12V 





| 


6} HLMP-1674 
HLMP-1675 

HLMP-1687 | Green 

(569 nm) 


HLMP-1688 


2 mm Square Flat Top Lamps | 


Luminous Forward | Page 


High | 2mm Flat Top, 1.8 mcd 
@10mA 


Efficiency | Square Emitting | Diffused 
Red Surface 
2.9 mcd 
@10mA 







Yellow 
(585 nm) 


10mA 
@5V 


13 mA 
@12V 


10 mA 
@5V 


13 mA 
@12V 


Typical 





Package Outline Drawing 





HLMP-L250 






















HLMP-L251 | (626 nm) 


HLMP-L350 | Yellow 1.5 mcd 


@ 10mA 


HLMP-L351 


o 
Yd 


perce: BS 
BEBE 


HLMP-L550 | Green 
(569 nm) 


HLMP-L551 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 
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4mm Round Flat Top Lamps 


Device : 





Package Outline Drawing 


1 


-| HLMP-M200] . High 


Red 
HLMP-M201| (626 nm) 
HLMP-M250 

-| HLMP-M251 


HLMP-M300| Yellow 
| (585 nm) 


HLMP-M301 


HLMP-M350 


HLMP-M351 


HLMP-M500| Green 

(569 nm) 

HLMP-M501 

~ | HLMP-M550 
HLMP-MS551 
















| Pano. | color | Package 


Efficiency |. 













Typical Typical 
| Luminous Forward | Page 
Intensity | 26 1/2 | Voltage 


5.0 mcd 
@ 20 mA 

7.0 mcd | 
 1@20mA 

Tinted | 5.0mcd | 80° 
Non-Diffused | @ 10 mA 
| 7.0 med 

~— -1@10mA 


Tinted =. 9.0 mcd | 135° 2.2V 
Diffused | @20mA @10mA 


7.0 med 
@20mA 
Tinted 5.0 mcd 80° 
Non-Diffused | @ 10 mA 
7.0 mcd 
@10mA 
Tinted 7.0 mcd 
Diffused | @20mA 
10.0 mcd 
@20mA 
Tinted | 10.0 mcd 
Non-Diffused | @ 10 mA 
16.0 mcd 
@10mA 
















Tinted | 
_ Diffused 





*Contact your local Sales Representative for information regarding this product. (See Section 9.) 


Right Angle Lamp Options 













Description 







Option No. 


Package Outline Drawing 









T-1 3/4 Rt. Angle, Leads Sheared Even 3-123 


100 T-1 3/4 Rt. Angle, Leads Sheared Uneven 





T-1 Rt. Angle, Leads Sheared Even 3-125 





010 T-1 Rt. Angle, Leads Sheared Uneven 


COC CHE) 102 T-1 Rt. Angle, 2 Element Array 3-126 
alal\ala 





103 T-1 Rt. Angle, 3 Element Array 


104 T-1 Rt. Angle, 4 Element Array 


T-1 Rt. Angle, 5 Element Array 


T-1 Rt. Angle, 6 Element Array 


107 T-1 Rt. Angle, 7 Element Array 


108 T-1 Rt. Angle, 8 Element Array 





Subminiature Rt. Angle, Leads Sheared Even 3-127 
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Tape and Reel Lamp Options 





Device 


Package Outline Drawing | 







Description 





Option No. 





Ce T-1 3/4, 5 mm (0.197 in) Formed Leads, 1300 Lamps per Reel 3-119) 
om). T-1 3/4, 2.54 mm (0.100 in) Formed Leads, 1300 Lamps per Reel i 
CE 001 T-1, 5 mm (0.197 in) Formed Leads, 1800 Lamps per Reel 


T-1, 2.54 mm (0.100 in) Formed Leads, 1800 Lamps per Reel 
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Intensity Selected Lamps 


Device 


Description 
Package Outline Drawing | Option No. 


This option provides the selection of lamps from two adjacent luminous 
intensity categories 


EMT-6000 | 700 nm High Intensity | « Visible (Near IR) emission facilitates 
alignment. 
=> Subminiature Emitter | »* Compatible with most silicon phototransistors 
and photodiodes. 


HEMT-3301 | 940 nm T-1 3/4 ¢ Efficiency at Low Currents 
High Radiant Emitter ¢ Radiated spectrum matches response of 
silicon photodetectors 
¢ Non-saturated, high radiant flux output 


HEMT-1001 | 940 nm T-1 High 
Radiant Emitter 


T-1 3/4 Mounting Hardware 


Package Outline Drawing - PartNo. | Description 


HLMP-5029 | Right Angle Housing for T-1 3/4 Lamps 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 


Hermetic Lamps Selection Gude (see page 3-131). 
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High Power T - 4 (13.3 mm) 
TS AlGaAs Red Lamp 


Technical Data 


HLMP-8150 15 Candela 


Features | lamp design utilizes advanced 

e 15 Candelas at 20 mA optical methods to enable ex- 

© Outstanding LED Material *™emely high peak intensity and 
Efficiency a very narrow viewing angle. 


; : The LED color is red at a domi- 
oe eee = nant wavelength of 637 nm. 


Currents | 
e 4° Viewing Angle 
¢ Low Forward Voltage | 
¢ Low Power Dissipation Package Dimensions 
¢ CMOS/MOS Compatible 


¢ Red Color at (0314) 
Applications 


19.3 (0.760) 
e Emitter for Emitter/ 18.8 (0.740) 


Detector Applications 

¢ Power Signaling 

¢ Bright Ambient Lighting 
Conditions 

¢ Bar Code Readers 

e Replacement for a Low 
Power Laser 





—_ 


° 
a> 
c) 
o 
) 
a 
— 


o 
eo 
© 
~— 
o 
oe 
wo 
oO 
oe 


23.0 (0.90) MIN 


: : OM 
1.27 (0.050) N | aaa Bayes ee 
Description eae 
This untinted, nondiffused solid 
state lamp utilizes a highly 
optimized LED material, trans- : | 
parent substrate aluminum gal- CATHODE —}—># 
lium arsenide, TS AlGaAs. This 
material has outstanding light 258 (0.100) NOM. 
output efficiency over a wide 


range of currents, and has supe- ae ‘vances aula besselGacnae) 
: ' “7: otes: 1. imensions are in millimetres (inches). 
r1or high current capability to 2. The leads are mild steel. solder dipped. 


most other LED materials. The 3. An epoxy meniscus may extend about 1 mm (0.040 ") down the leads. 
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Axial Luminous Intensity and Viewing Angle at T, = 25°C 


Minimum Typical Maximum Typical 


Intensity Intensity Intensity Radiant Intensity 20,2 


(cd) @ 20 mA (cd) @ 20 mA (cd) @ 20 mA (mW/sr) @ 20 mA (degrees) 





n 
= 
Absolute Maximum Ratings at T, = 25 °C | 
Peak Forward Currentey 2) oo cccesccccssssccceeessesscesseessseeees 300 mA rs 
Average Forward Current (@ I, ,,=300 MA)?) eee 15 mA 5 
DG: Forward Curren te oosicic sea vssevenicccensunseniawecentenedavonsescccewsteusss 50 mA a 
Power Dissipation cdccieaccacccikeo Ramat eens 130 mW 
Reverse: Voltage (= 100 WA) wie: Saciescssessntsedsiecatecarcseavasdecsavedsanvsaceeses 8 V 
Transient Forward Current (10 Us Pulse)! oo... ceeceeees 500 mA 
Operating Temperature Rane .................ccccecseeseseeeeseeees -55 to +100°C 
Storage Temperature Range ...............c:scsssessessssessesrsseaees -55 to +100°C 
Lead Soldering Temperature 
[1.6 mm (0.063 in.) from body] .................cccceeees 260°C for 5 seconds 
Notes: 


1. Maximum I,,,, at f = 1 kHz, DF = 5%. 

2. Refer to Figure 6 to establish pulsed operating conditions. 

3. Derate linearly as shown in Figure 5. 

4. The transient peak current is the maximum non-recurring peak current the 
device can withstand without damaging the LED die and wire bonds. It is not 
recommended that the device be operated at peak currents above the Absolute 
Maximum Peak Forward Current. 


Electrical/Optical Characteristics at T, = 25 °C 


A 
Max Test Condition 








in 
FRoverseVatage | Ve | 80 | 200] |v 
Peak Wavelength | fra || 80 | [| am 
Dominant Wavelengin™ || | 6a || am 
|Spectral Line Halfwidth | aav2 | | 22 | | nm [| 
hel Gi 
ast 
Miad Pees! 
— 





Speed of Response A Exponential Time 
~ Constant, e“*s 
Thermal Resistance R 220 °C/W Junction-to-Anode Lead 


Luminous Efficacy #! 


° 








jon) 


Notes: 

1. The dominant wavelength, i, is derived from the CIE chromaticity diagram and represents the color of the device. 

2. The radiant intensity, I, in watts per steradian, may be found from the equation I.=I,/n,, where I, is the luminous intensity 
in candelas and 1, is luminous efficacy in lumens/watt. 

3. The approximate total luminous flux output within a cone angle of 26 about the optical axis may be obtained from the 
following formula: 

$/2(8) = [o,(0V1y(0)IL,; 

Where: 6,(6)/1,(0) is obtained from Figure 7. 
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WAVELENGTH - nm V- FORWARD VOLTAGE - V 
Figure 1. Relative Intensity vs.Wavelength. Figure 2. Forward Current vs.Forward Voltage. 
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Figure 3. Relative Luminous Intensity vs. DC Forward Figure 4. Relative Efficiency vs. Peak Forward 
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Figure 5. Maximum Forward DC Current vs. Ambient Figure 6. Maximum Average Current vs. Peak Forward 
Temperature. Current. Refresh Rate = 1 kHz. 


Derating Based on T,MAX = 110°C. 
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Figure 7. Relative Luminous Intensity vs. Angular Displacement, 
HLMP-8150. 
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High Power T-1 3/4 (5 mm) 
TS AlGaAs Red Lamps 


Technical Data 


Features 

° Exceptional Brightness 

e Outstanding LED Material 
Efficiency 

¢e High Light Output Overa 
Wide Range of Drive 
Currents 

° Viewing Angle: Narrow or 
Wide 

¢ Low Forward Voltage 

° Low Power Dissipation 

e CMOS/MOS Compatible 

° Red Color 


Applications 

¢ Signaling Applications 

¢ Emitter for Emitter/ 
Detector Applications 

e Moving Message Signs 

¢ Bright Ambient Lighting 
Conditions 

e Automotive Lighting 

¢ Medical Instruments 

e Bar Code Readers 

¢ Low Power Laser Replace- 
ment 

e Alternative to Incandes- 
cent Lighting 


Description 

These untinted, nondiffused 
solid state lamps utilize a highly 
optimized LED material, trans- 
parent substrate aluminum gal- 
lium arsenide, TS AlGaAs. This 
material has outstanding light 
output efficiency over a wide 
range of currents, and has supe- 
rior high current capability 


compared to most other LED 
materials. The lamp design 
utilizes advanced optical meth- 
ods to enable extremely high 
peak intensity and a very nar- 
row viewing angle. The LED 
color is red at a dominant wave- 
length of 637 nm. 


Package Dimensions 






9.19 (0.362) 
8.43 (0.332) 
13.08 (0.515) 
11.81 (0.465) 





-b a9 035 
7 0.64 (0.025) 


. L 1.32 (0.052) 


1.02 (0.040) 





23.0 
(0.90) MIN 


1.27 


(0.050) NOM 


24] 0.64 (0.025) 
SQUARE 
NOMIMAL 


6.10 (0.240) 
CATHODE 5.46 (0.215) 
en 2 


2.54 (0.100) NOM. 


HLMP-8104/8103/8102 


Notes: 


HEWLETT 
PACKARD 


G 


HLMP-8104 4 Candela 
HLMP-8103 3 Candela 
HLMP-8102 2 Candela 
HLMP-8100 Wide Angle 





5.08 (0.200) 
ba (0.180) 








9.19 (0.362) 
8.43 (0.332) 
12.19 (0.485) 
10.92 (0.430) + 0.89 (0.035) 
. ee (0.052) 
1.02 (0.040) 
23.0 
(0.90) MIN 
27 
1650 NOM 
ee | (0.025) 
SQUARE 
NOMIMAL 


\ 6.10 (0.240) 
CATHODE 5.46 (0.215) 
Aan i 


2.54 (0.100) NOM. 


HLMP-8100 


1. All Dimensions are in millimetres (inches). 


2. The leads are mild steel. solder dipped. 
3. An epoxy meniscus may extend about 1 mm (0.040 ") down the leads. 
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Axial Luminous Intensity and Viewing Angle at T= 25 °C 


Minimum Typical Maximum Typical Radiant 
Intensity Intensity Intensity Intensity 20,,, 1! 


1/2 


(cd) @20 mA | (cd) @20mA | (cd) @20mA (mW/sr) @ 20 mA Degrees 





7) 
= 
s 

1. 6,,, is the off axis angle from optical centerline where the luminous intensity is 1/2 the on-axis value. re 
7 

Absolute Maximum Ratings at T, = 25 °C 3 

Peak Forward Current 1o7) ooo cceceeeeceeeees bE cee etia Dade 300 mA 

Average Forward Current (@ 1,,,,,=300 MA) Fo eeeeeeeeees 15 mA 

DC Forward Current ?).0...........:ccccrcssssssccescccsssssconseccssscscecessseanans 50 mA 

POWEP DISSIP AION .caviards sin asaiatewiainccsaenianaeddaoeetestes iaaeeboteubeaenenes 130 mW 

Reverse Voltage (1,=100 pA) sciccteciscesstsiotinecisconennstioacananesranctce 8V 

Transient Forward Current (10 us Pulse) @! oes 500 mA 

Operating Temperature Range ..........ccccceessenseseseseceeeese -55 to +100°C 

Storage Temperature Range ..............cccccccecececeeeeeessesesenes -55 to +100°C 

Lead Soldering Temperature 

[1.6 mm (0.063 in.) from body] .............cceccceeees 260°C for 5 seconds 
Notes: 


1. Maximum [,.,, at f =1 kHz, DF = 5%. 

2. Refer to Figure 6 to establish pulsed operating conditions. 

3. Derate linearly as shown in Figure 5. 

4. The transient peak current is the maximum non-recurring peak current the 
device can withstand without damaging the LED die and wire bonds. It is not 
recommended that the device be operated at peak currents above the Absolute 
Maximum Peak Forward Current. 


Electrical/Optical Characteristics at T, = 25 °C 
Description 


Forward Voltage 


Spectral Line Halfwidth 


Speed of Response | ‘ Exponential Time 
Constant, es 


Capacitance | pF V,=0,f=1MHz 
Thermal Resistance Junction-to-Anode Lead 


Luminous Efficacy #! 





Notes: 

1. The dominant wavelength, A, is derived from the CIE chromaticity diagram and represents the color of the device. 

2. The radiant intensity, I, in watts per steradian, may be found from the equation I_=I/n,, where I, is the luminous intensity 
in candelas and n, is luminous efficacy in lumens/watt. 

3. The approximate total luminous flux output within a cone angle of 26 about the optical axis may be obtained from the 
following formula: 

$/2(6) = [o,(81,(0)I,; 

Where: 6,(9)/1,(0) is obtained from Figure 7. 3-35 


RELATIVE INTENSITY 


Figure 1. Relative Intensity vs.Wavelength. 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20 mA) 


Figure 3. Relative Luminous Intensity vs. 
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Figure 5. Maximum Forward DC Current 
vs.Ambient Temperature. 
Derating Based on T,MAX = 110°C. 
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Figure 2. Forward Current vs.Forward Voltage. 








0.8 “a 
PA TTT 
a THOTT 
— | mime 
ee 
TTT oT TTT TN 









Ny- RELATIVE EFFICIENCY 
(NORMALIZED AT 20 mA) 
—) 
m 
























ae 
es ae 
a ST 
oe ie ALT ee 





1 2 5 10 20 50 100 200 300 


lpeaK- PEAK FORWARD CURRENT - mA 


Figure 4. Relative Efficiency vs. Peak Forward Current. 


lavG~- AVERAGE FORWARD CURRENT - mA 





Ipeak~ PEAK FORWARD CURRENT - mA 


Figure 6. Maximum Average Current vs. Peak 
- Forward Current. Refresh Rate = 1 kHz. 
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Figure 7. Relative Luminous Intensity vs.Angular Displacement. 
HLMP- 8104, HLMP-8103 and HLMP-8102. 
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Figure 8. Relative Luminous Intensity vs.Angular Displacement. 
HLMP-8100. 
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DOUBLE HETEROJUNCTION AlGaAs 


HIGH INTENSITY RED LED LAMPS 


T-1 3/4(5mm) HLMP-D101/D105 
T-1 (3mm) HLMP-K101/K105 
SUBMINIATURE HLMP-Q101 











Kin HEWLETT 


PACKARD 










Features 
¢ EXCEPTIONAL BRIGHTNESS 
WIDE VIEWING ANGLE 
OUTSTANDING MATERIAL EFFICIENCY 
LOW FORWARD VOLTAGE 
CMOS/MOS COMPATIBLE 


TTL COMPATIBLE 
DEEP RED COLOR 











Applications 


BRIGHT AMBIENT LIGHTING CONDITIONS | 
MOVING MESSAGE PANELS Description 


FORTASER EQUIPMENT These solid state LED lamps utilize newly developed double 
GENERAL USE heterojunction (DH) AlGaAs/GaAs material technology. 
This LED material has outstanding light output efficiency 
over a wide range of drive currents. The color is deep red 
at the dominant wavelength of 637 nanometres. These 
lamps may be DC or pulse driven to achieve desired light 


Package Dimensions put 





4.70 (.185) 
4 


6.35 (.250) . 4.70 (.185 
5.58 (.220) $4.19 (.165 


© 












0.89 (0.035) 1.02 (.040) 
0.64 (0.025) 1.15 (.045) NOM. 
0.88 (.035) ; 
25.40 (1.00) 0.45 (0.018) 23.0 (.90) 0.64 (.025) 0.45 (.018) 
(MIN.) SQUARE NOMINAL MIN. SQUARE SQUARE 
NOMINAL 25.40 (1.00) NOMINAL 
, MIN. 
1.27 (.050) 
‘oT NOM. 
1.27 (.050) 
NOM. 
ff (0.240) 
(0.220) a a ~~ 
lr 2.54 (.100) 
CATHODE DEN ADAGe) Se tot : | |. NOM. 
NOMINAL l 
A CATHODE 

NOTES: —_ 2.54 (.100) NOM. 
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). CATHODE 
2. AN EPOXY MINISCUS MAY EXTEND ABOUT B C 


1 mm (0.040) DOWN THE LEADS. (Continued on next page.) 
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Package Dimensions 






0.94 (0.037) 
1.24 (0.049) 















10.67 (0.420) 0.76 (0.030) 
“ 11.68 (0.460) CATHODE LEAD 0.89 (0.035) " 
TYP. 
BOTH LEADS 
0.46 (0.018) t ri t cai 
0.56 (0.022) 0.18 (0.007) 1.91 (0.075) 1.40 (0.055) 














{ 0.23 (0.009) 1.65 (0.065) 390.11) 
2.41 (0.095) 
0.76 0.20 1.65 (0.065) pj, —«9.76 (0.030) 
(0.030) Ce 013 pcs 1.91 (0.075) , 0.51 (0.020) 1.91 (0.075) 2.08 (0.082) 
REF. ; ; 19 2. 
NOTE2  ') ~— (0.008) | 2.16 (0.085) % | 2.37 (0.091) | 
NOTES: 1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) CATHODE STRIPE 


2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD. 


Axial Luminous Intensity and Viewing Angle @ 25°C 


| HLMP- Description Min. Typ. Degrees Outline 
T-1 % Red Untinted, Non-diffused 
45 
65 
45 





s 
< 
od 
= 
(2) 
f=] 
=| 
Oo 
” 











35 
100 


Q101 Subminiature Red Tinted Diffused 


eee A 
ee 
a ee 


Note: 
1. 6% is the off axis angle from lamp centerline where the luminous intensity is 2 the on-axis value. 


Absolute Maximum Ratings at Ta = 25°C 


Peak Forward Currentl!) 2] ...............0 eee ee 300 mA 
Average Forward Currentl?] ............. 000 e eee 20mA _ Notes: 
DG-Gurrentle! cicnce ui Rika wes vbw heteeaw.cee eaters 30 mA 1. Maximum Ipeax at f = 1 kHz, DF = 6.7%. | 
Power Dissipation ......... ccc cece cece eee een ee 87 mw 2: Refer to Figure 6 to establish pulsed operating conditions. 

3. Derate linearly as shown in Figure 5. 
Reverse Voltage (Ip = 100A)... ... cee eee cee eee SV 4. The transient peak current is the maximum non-recurring peak 
Transient Forward Current (10 ys Pulse)i4] ...... 500 mA current the device can withstand without damaging the LED 
Operating Temperature Range ........... -20 to +100°C die and wire bonds. It is not recommended that the device be 
Storage Temperature Range ............. -55 to +100°C operated at peak currents beyond the Absolute Maximum 


Lead Soldering Temperature Peak Forward Current. 


[1.6 mm (0.063 in.) from body] ... 260°C for 5 seconds 


Electrical/Optical Characteristics at Ta = 25°C 



















a ee 
Tip [Peak Weveinath 
Oe 
[ns [Exponential Time Gonstant es _ 


Luminous Efficacy 


Ve =0, f=1 MHz 


i 
22 
a 
—— 
ae 

a 
a 
seat 
[|For unction to Cathode teed 
al 





Notes: 

1. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the color of the device. 

2. The radiant intensity, le, in watts per steradian, may be found from the equation le = ly/ny, where ly is the luminous intensity is in 
candelas and ny is luminous efficacy in lumens/watt. 
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Figure 1. Relative Intensity vs. Wavelength. Figure 2. Forward Current vs. Forward Voltage. | 
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Figure 3. Relative Luminous Intensity vs. Figure 4. Relative Efficiency vs. 
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Figure 5. Maximum Forward DC Current vs. . Figure 6. Maximum Tolerable Peak Current vs. 
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Derating Based on Ty MAX = 110°C. from Temperature Derated Ipc MAX). 


3-40 











SdNV1 aLV1S anos 





Intensity vs. 


Angular Displacement. HLMP-K101. 


Figure 8. Relative Luminous 


Intensity vs 


Angular Displacement. HLMP-D101. 


Figure 7. Relative Luminous 
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Intensity vs. 


Angular Displacement. HLMP-K105. 


Figure 10. Relative Luminous 
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Angular Displacement. HLMP-D105. 
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Figure 9. Relative Luminous 












































Figure 11. Relative Luminous Intensity vs. Angular Displacement 


for Subminiature Lamp 
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Features 





e MINIMUM LUMINOUS INTENSITY 


SPECIFIED AT 1mA 


WIDE VIEWING ANGLE 


- ARAN /RANC CARPATIOI CC 
ww; ww EWES W/ TVERI WT WW IVEID PF. Lv hh 


e TTL COMPATIBLE 
e DEEP RED COLOR 


Applications 


e LOW POWER CIRCUITS 


Package Dimensions 









9.19 (0.362) 
8.43 (0.332) 
0.89 (0.035) 
0.64 (0.025) 
25.40 (1.00) 0.45 (0.018) 
MIN. SQUARE NOMINAL 
1.27 (0.050) | 
NOM. -10 (0.240) 
59 (0.220) 
CATHODE 2.54 (0.100) 
NOMINAL 


NOTES: 


1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 


2. AN EPOXY MINISCUS MAY EXTEND ABOUT 
1 mm (0.040) DOWN THE LEADS. 


HIGH LIGHT OUTPUT AT LOW CURRENTS 


OUTSTANDING MATERIAL EFFICIENCY 
LOW POWER/LOW FORWARD VOLTAGE 


DOUBLE HETEROJUNCTION AlGaAs 


LOW CURRENT RED LED LAMPS 

T-1 3/4(5mm) HLMP-D150/D155 

T-1 (3mm) HLMP-K150/K155 

SUBMINIATURE HLMP-Q150 



















Description 
e BATTERY POWERED EQUIPMENT These solid state LED lamps utilize newly developed double 
° TELECOMMUNICATION INDICATORS heterojunction (DH) AiGaAs/GaAs material technology. 


This LED material has outstanding light output efficiency 
at very low drive currents. The color is deep red at the 
dominant wavelength of 637 nanometres. These lamps are 
ideally suited for use in applications where high light 
output is required with minimum power input. 
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9.19 (.362 
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ee Caen “64 (025) 6.35 (.250) oe 
Sadi | 658 (220) 4.19165) 
7 1.02 (.040) 
1.15 (.045) NOM. 
0.88 (.035) 
23.0 (.90) 0.64 (.025) 0.45 (.018) 
MIN. SQUARE : SQUARE 
NOMINAL 25.40 (1.00) NOMINAL 
MIN. 
1.27 (.050) 
NOM. 
| 1.27 (.050) 
NOM. 
| 1 | 
6.1 (.240) iat 
5.6 (.220) 


CATHODE 


—P_ 


2.54 (.100) NOM. 
CATHODE 


Continued on next page.) 
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Package Dimensions 


~«_— 2:94 (0.037) 
10.67 (0.420) a6 i000) ea 1.24 (0.049) 
. . pi dip Riel Da hasta 
") Be 10400) CATHODE LEAD 6.89 (0.038) ° 






BOTH LEADS 



























46 (0.018 y Rs 
0.56 (0.022 1.27 (0.050) 
0.18 (0.007) 1.91 (0.075) 1.40 (0.055) 

0.23 (0.009) 1.65 (0.065) 2.92 (0.115) 

2.41 (0.095) 


Cc 


ais 


_t 











0.76 _ 1.65 (0.065) p,, 9.76 (0.030) 
(0.030) ert OAS: heave 1.91 (0.075) ~°“ 0.51 (0.020) 1.91 (0.075) 2.08 (0.082) 
REF. AX. (0.005) 2.16 (0.085) 2.31 (0.091) 
NOTE 2 Me # 
NOTES: 1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) CATHODE STRIPE 


2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD. 


Axial Luminous Intensity and Viewing Angle @ 25°C 


HLMP- Description Min. Typ. Degrees Outline 
T-1 % Red Tinted Diffused 1.2 3 
T-1 % Red Untinted, Non-diffused 5 10 B 
aaa a (a Rae a 
[Kiss | 1 Red United Non-difewed “| 


Q150 Subminiature Red Tinted Diffused 
1. 0% is the off axis angle from lamp centerline where the luminous intensity is “% the on-axis value. 
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Note: 


Absolute Maximum Ratings at Ta = 25°C 


Peak Forward Currentl) ...........0....0...0... 300 mA 

Average Forward Current .............. cece eeee 20 mA Notes: 

DE Curenuel ciiasnced Pe caee touealnw beuauneanee 30mA 1. Maximum Ipgax at f = 1 kHz, DF = 6.7%. 

Power DISSIDALION irsetive. ds sha eee eau aes 87 mW _ 2. Derate linearly as shown in Figure 4. 

Reverse Voltage (Iq =100uA) ..........00cee eee ee ees BA PIS SONG ae are We ian pon rca aed 
p 3 curren e aevi an WI nd wi u amaging e 

Transient Forward Current (10 us Pulse)!S! ...... 500 me die and wire bonds. It is not recommended that the device be 

Operating Temperature Range ........... -20 to +100°C operated at peak currents beyond the Absolute Maximum 

Storage Temperature Range ............. ~55 to +100° C Peak Forward Current. 


Lead Soldering Temperature 
[1.6 mm (0.063 in.) from body] ... 260°C for 5 seconds 


Electrical/Optical Characteristics at Ta = 25°C 


Forward Voltage 


Test Condition 
lF=1mA 
IR = 100 pA 


= 
(o>) 
— 
Oo 


< 


Ve 

hp [PeakWavetenain [|S wa 

ha [Dominant Wavelenain |__| sar | __ 

Ts [SpeedofResponse | | 30 | | ns Exponential Time Constant, e-/Ts 
eee 
—a 
ed 


nm Measurement at peak 


nm Note 1 


=) 


[Thermal Resistance = | =| 220 °C/W {Junction to Cathode Lead 
Notes: 


- 1. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the color of the device. 
2. The radiant intensity, lo, in watts per steradian, may be found from the equation I, = ly/ny, where ly is the luminous intensity is in 
candelas and ny is luminous efficacy in lumens/watt. 
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Figure 4. Maximum Forward DC Current vs. 


Figure 3. Relative Luminous Intensity vs. 


Derating Based on T; Max. = 110°C. 


Ambient Temperature. 


DC Forward Current. 
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Figure 5. Relative Luminous Intensity vs. 
Angular Displacement. HLMP-D150. 
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Figure 7. Relative Luminous Intensity vs. 
Angular Displacement. HLMP-D155. 

























































10° 20° 30° 40° 50° 60 70° 80° 90° 100° 


7 eg 





























Figure 6. Relative Luminous Intensity vs. 
Angular Displacement. HLMP-K150. 





















































Figure 8. Relative Luminous Intensity vs. 
Angular Displacement. HLMP-K155. 








Niteee 
EPH 


























Figure 9. Relative Luminous Intensity vs. Angular Displacement 


for Subminiature Lamp 
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DOUBLE HETEROJUNCTION AlGaAs 
VERY HIGH INTENSITY 

RED LED LAMPS 

T-1 3/4 (5 mm) HLMP-4100,-4101 | 


HEWLETT 
@. PACKARD 





Features 
1000 med AT 20 mA 


VERY HIGH INTENSITY AT LOW DRIVE 
CURRENTS 


2 


estos 

nines 

ee ee 
ee 
et 


Le D es, 
e NARROW VIEWING ANGLE Cl _ 
es 


eee 
eg 


i 
os 
ee 
is 


e OUTSTANDING MATERIAL EFFICIENCY 
e LOW FORWARD VOLTAGE 

e CMOS/MOS COMPATIBLE 

e TTL COMPATIBLE 


¢ DEEP RED COLOR 


Description 


H H a These solid state LED lamps utilize newly developed double 
plications heterojunction (DH) AlGaAs/GaAs material technology. 
This LED material has outstanding light output efficiency 





e BRIGHT AMBIENT LIGHTING CONDITIONS over a wide range of drive currents. The lamp package has 
a tapered lens, designed to concentrate the luminous flux 
e EMITTER/DETECTOR AND SIGNALING into a narrow radiation patiern to achieve a very high 
APPLICATIONS intensity. The LED color is deep red at the dominant 
. wavelength of 637 nanometres. These lamps may be DC 
e GENERAL USE , or pulse driven to achieve desired light output. 
Package Dimensions 
0.89 (0.035) - 
0.64 (0.025) 
6.10 (0.240) 0.64 (0.025) 
5.59 (0.220) . SQUARE 
1.32 (0.052) NOMINAL | 
| 1.02 (0.040) 


4.57 (0.180) 








2.54 (0.100) 


CATHODE NOMINAL 


9.19 (0.362) 


8.43 (0.332) 
————_——. 23.0 (0.90) MIN. 





1.27 
(0.050) 
NOM. 


12.44 (0.490) 
11.68 (0.460) : 
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Luminous Intensity @ 25°C 


ly (mcd) 261/2 
Package @ 20 mA DC | Note 1. 


Description . | Degrees 


T-1 3/4 Red Untinted, 
Non-diffused 





Note: 


1. 01/2 is the angle from optical centerline where the /uminous 
intensity is 1/2 the optical centerline value. 


Absolute Maximum Ratings at T, = 25°C 


Parameter Maximum Rating Units 

300 

2 
Transient Forward Current (10 us Pulse) [4] 


Operating Temperature Range -20 to +100 
Storage Temperature Range -55 to +100 “1G 


260° C for 5 seconds 









Peak Forward Currentl’: 2] 





Average Forward Current!?] 
DC Current!s! 


Power Dissipation 







Reverse Voltage (IR = 100 pA) 






Lead Soldering Temperature [1.6 mm (0.063 in.) from body] 


Notes: 

1. Maximum Ipeak at f = 1 KHz, DF = 6.7%. 

2. Refer to Figure 6 to establish pulsed operating conditions. 

3. Derate linerally as shown in Figure 5. 

4. The transient peak current is the maximum non-recurring peak current the device can withstand without damaging the LED die and 
wire bonds. It is net recommended that the device be operated at peak currents beyond the Absolute Maximum Peak Forward 
Current. 













| Symbol | Description | Min, ; 

ve _|[Forwara votage S|] 
A ee 
Aen [Peak Wavelensth | | 
Ag [Dominant Waveiensth | Sitar | 
[anv2 [SpectraltineHarwats | +t |_| 
il ll ON Mell SOD 
| [Capacitance | a 
foes a! 
ae ae 


Test Condition 














5 a 
Ral 
Ve =0, f=1MHz 


nm 
Junction to Cathode Lead 
Notes: 


1. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the color of the device. 

2. The radiant intensity, le, in watts per steradian, may be found from the equation le = ly/ny, where ly is the luminous intensity in 
candelas and ny is luminous efficacy in lumens/watt. | . 

3. The approximate total luminous flux output within a cone angle of 26 about the optical axis, @y(20), may be obtained from the 
following formula: 
py (26) = [dy(8)/ly(0)]ly; 
Where:¢y(@)/ly(0) is obtained from Figure 7. 







Exponential Time Constant, 
e-t/s 






Thermal Resistance 


Luminous Efficacy 
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Figure 1. Relative Intensity vs. Wavelength 
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NORMALIZED LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 
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Ipc — DC FORWARD CURRENT - mA 


Figure 3. Relative Luminous Intensity vs. DC Forward Current 









Roy, = 574°CW 
Ré,_, = 689° C/W 
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Figure 5. Maximum Forward DC Current vs. Ambient 
Temperature Derating Based on Ty MAX. =110°C 
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ny ~ RELATIVE EFFICIENCY 
_(NORMALIZED AT 20 mA) 


Figure 4. 


RATIO OF MAXIMUM PEAK CURRENT 


TO TEMPERATURE DERATED 
MAXIMUM DC CURRENT 


lpeak MAX. 
loc MAX 


I; — FORWARD CURRENT — mA 


Figure 2. 
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Relative Efficiency vs. Peak Forward Current 
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Figure 6. Maximum Tolerable Peak Current vs. 


Peak Duration (Ipeqak MAX Determined 
from Temperature Derated Ipc MAX). 
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ULTRA-BRIGHT LED LAMPS 
G HEWLETT | | T-1 3/4 HLMP-3750,-3850,-3950 


PACKARD | | 1-4 3/4 LOW PROFILE HLMP-3390,-3490,-3590 
a | T-1 HLMP-1340,-1440,-1540 














Features _ 
IMPROVED BRIGHTNESS 
IMPROVED COLOR PERFORMANCE 


AVAILABLE IN POPULAR T-1 and T-1 3/4 
PACKAGES 


NEW STURDY LEADS 
IC COMPATIBLE/LOW CURRENT CAPABILITY 
RELIABLE AND RUGGED 


e CHOICE OF 3 BRIGHT COLORS 
High Efficiency Red 
High Brightness Yellow 
High Performance Green 





Description Applications 
These clear, non-diffused lamps out perform conventional e LIGHTED SWITCHES 


LED lamps. By utilizing new higher intensity material, we 
achieve superior product performance. ¢ BACKLIGHTING FRONT PANELS 


The HLMP-3750/-3390/-1340 Series Lamps are Gallium ° LIGHT PIPE SOURCES 
Arsenide Phosphide on Gallium Phosphide red _ light e KEYBOARD INDICATORS 
emitting diodes. The HLMP-3850/-3490/-1440 Series are 

Gallium Arsenide Phosphide on Gallium Phosphide yellow 

light emitting diodes. The HLMP-3950/-3590/-1540 Series 

lamps are Gallium Phosphide green light emitting diodes. 


Axial Luminous Intensity and Viewing Angle @ 25°C 


Part Number Package “ Package 
HLMP- Description Color : ‘ Outline 


Yellow 
Green 


CHER 
T-1 3/4 Low Profile 
| HER | 





NOTE: 
1. ©1/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity. 
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Package Dimensions 
























9.19 (.362) ; 
89 (.035) 8.43 (.332) 6.35 (.250) 
2 a a ‘64 (.025) 10.90 (.429) 5.33 (.210) 6.35 (.250) 4.70 (.185) 
(.460) | 10.13 (.399) fb | See olor 4.19 (.165) 
f 1.65 (.065) 
| 1.40 (.055) 1.02 (.040) 
1.32 (.052) 1.32 (.052) NOM. 
1.02 (.040) 1.02 (.040) 
23.0 (.90) 0.64 (.025) 23.0 (.90) ee «SQUARE. 
MIN. SQUARE MIN. SQUARE Bsa honk NOMIRGAILE 
| NOMINAL NOMINAL 13 (. 


NOM. 
1.27 (.050) 


1.27 (.050) 1.27 (.050) CATHODE 
NOM. 
NOM. 


S 
5 
aa 
B 
i 
(=) 
= 
co) 
” 


| 2 - oe 2.54 (.100) 


NOM. 





6.1 (.240) 


6.1 (.240) 
5.6 (.220) 


5.6 (.220) 








CATHODE 
a 


2.54 (.100) NOM. <t— 2.54 (.100) NOM. 


PACKAGE OUTLINE “A” PACKAGE OUTLINE “B” PACKAGE OUTLINE “C” 
HLMP-3750, 3850, 3950 HLMP-3390, 3490, 3590 HLMP-1340, 1440, 1540 
NOTES: 


1. All dimensions are in millimeters (inches). 
2. An epoxy meniscus may extend about 1mm (0.40”) down the leads. 





Absolute Maximum Ratings at Ta = 25°C 









Transient Forward Current|4! 7 mA 
(10 wsec pulse) 
Reverse Voltage Un = 100 pA) 
Operating Temperature Range -20 to +100 
-55 to +100 ~55 to +100 ig 
Storage Temperature Range | —55 to +100 
Lead Soldering Temperature ‘5 
[1.6 mm (0.063 in.) from body} | Ben ebm seCOngs 
NOTES: 


1. See Figure 2 to establisn pulsed operating conditions. 


2. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. 

3. For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 
1.6 mW/°C. 

The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 


and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 






4. 
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Electr ical/ Optical Char acteri isti 


uA fi 
Description Dome : Test Conditions 
APEAK Peak Wavelength 3390 Measurement at 
! 3490 peak | 
: 3590 


Dominant Wavelength 


Spectral Line Halfwidth 


Ve =0;f=1 MHz 


Thermal Resistance ‘Junction to 


Cathode Lead 


Forward Voltage l—F=20 mA 
: (Figure 3) 


Reverse Breakdown 
Voltage 


Luminous Efficacy 





NOTES: 


1. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the singie wavelength which 
defines the color of the device. 


2. Radiant intensity, le, in watts/steradian, may be found from the equation le = lv/nv, where ly is the luminous intensity in 
candelas and ny is the luminous efficacy in lumens/watt. . 


Red, Yellow and Green 


1.0 


HIGH EFFICIENCY 


RELATIVE INTENSITY 
° 
a 





$00 550 ~ 600 650 700 750 


WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength. 
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Figure 6. Relative Luminous Intensity vs. Angular Displacement. Figure 7. Relative Luminous Intensity vs. Angular Displacement. 
T-1 3/4 Lamp. T-1 3/4 Low Profile Lamp. 






























































Figure 8. Relative Luminous Intensity vs. Angular Displacement. 
T-1 Lamp. 
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LOW CURRENT LED LAMPS 


GQ PIE WE 
T-1 3/4 (5mm) HLMP-4700, -4719, -4740 

PACKARD T-1 (3mm HLMP-1 700, -1719, -1790 
SUBMINIATURE HLMP-7000, -7019, -7040 












eatures 
LOW POWER 

HIGH EFFICIENCY 
CMOS/MOS COMPATIBLE 
TTL COMPATIBLE 
WIDE VIEWING ANGLE 
CHOICE OF PACKAGE STYLES 


F 












Applications 

e LOW POWER DC CIRCUITS. 

e TELECOMMUNICATIONS INDICATORS 
e PORTABLE EQUIPMENT | 

e KEYBOARD INDICATORS 


Description 


These tinted diffused LED lamps were designed and optim- 
ized specifically for low DC current operation. Luminous 
intensity and forward voltage are tested at 2 mA to assure 
consistent brightness at TTL output current levels. 


Package Dimensions 


LOW CURRENT LAMP SELECTION GUIDE 


HLMP- HLMP- HLMP- 
are [ ave [aren _| 













10.67 (0.420) 


3,18 (.125) 11.68 (0.460) 
*~ 367 (105) TYP. 
a aa BOTH LEADS CATHODE LEAD 







0.46 (0.018) 





































i 
9.19 (.362) 6.35 (.250) 4.70 {.185) MPS IC:0e2) 
8.43 (.332) 5.58 (.220) 4.19 (.165} | 
22 1.02 (.046) 
NOM. 
0.89 (.035) 0.76 0.20 
0.64 (025) (0.030) (0.008) - 0.13 1.65 (0.065) pip. 
REF. MAX. (0.005) MAX: 1.97 (0.075) 
. 24.13 (0.95) ein NOTE 3. 
25.40 (1.00) 0.45 (.01 MIN. 45 |. 
MIN. SQUARE SQUARE NOMINAL 0.94 (0.037) 
NOMINAL acs 1.24 (0.649) 
0.76 (0.030) , 
0.89 (0.035) 
OG 
1.27 (.050) (2 ae 
NOM. zl 1.27 (0.050) 
Wis 2 0.18 (0.007) 1.91 (0.075) 7.40 (0.055) 
ve ae See tect 0.23 (0.009) 1.65 (0.065) 2.92 (0.115) 
f 1.27 (.050) 2.41 (0.095) 
| —S | 
10 (. ye 
69 (. a <«— 2.54 (0.100) NOMINAL isan esai 








0.51 (0.020) 1.91 (0.075) 2.08 (0.082) 
2.16 (0.085) 2.31 (0.091) 
CATHODE STRIPE 


NOTES: HLMP-7000, -7019, -7040 


1, ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
2. AN EPOXY MINISCUS MAY EXTEND ABOUT 
HLMP-4700, -4719, -4740 HLMP-1700, -1719, -1790 1 mm (0.040”) DOWN THE LEADS. 
3. PROTRUDING SUPPORT TAB IS CONNECTED 
TO CATHODE LEAD. 


CATHODE 
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AXIAL LUMINOUS INTENSITY AND VIEWING ANGLE @ 25°C 


Part 
Number Package Package 
HLMP- Description _—_Min Typ. 20 1/201] Outline 
T-1 3/4 Red | 


Tinted Diffused Yellow 1 = 
Green 1.2 1.8 


T-1 Red 1.0 1.8 
Tinted Yellow : 1.6 
Diffused Green 1.0 1.6 


Subminiature Red 0.4 
Tinted Diffused | Yellow | 0.4 
Green 0.4 





Note: 
1. ©1/2 is the typical off-axis angle at which the luminous intensity is half the axial luminous intensity. 


” 
= 
Ss 
w 
~~ 
On 
2 
= 
a 





Electrical/Optical Characteristics at Ta = ne Pe 


Test 
VF Forward Voltage 4700 7000 

4719 7019 

4740 7040 
Reverse Breakdown 4700 7000 IR=50 pA 
Voltage 4719 7019 

4740 7040 
Dominant Wavelength | 4700 7000 Note 1 

4719 7019 

4740 7040 


Spectral Line Halfwidth| 4700 7000 
4719 7019 
4740 7040 


Speed of Response 4700 7000 
4719 7019 
4740 7040 
Capacitance 4700 7000 
4719 7019 
4740 7040 





Thermal Resistance 4700 7000 
4719 7019 
4740 7040 


Peak Wavelength | 4700 7000 | Measurement 
4719 7019 at peak 
4740 7040 


Luminous Efficacy 4700 7000 Lumens 
| 4719 7019 ~ Watt ~ 
4740 7040 


Junction to 
‘Cathode lead 





Notes: 

1. The dominant wavelength, Ap, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the — 
color of the device. 

2. Radiant intensity, le, in watts/steradian, may be found from the equation le = lv/nv, where lv is the luminous intensity in candelas and ny 
is the luminous efficacy in lumens/watt. 
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Absolute Maximum Ratings 


Parameter Maximum Rating 





Power Dissipation | ete Red 

(Derate linearly from 92°C at 1.0 mA/°C) Yellow 
Green 

DC and Peak Forward Current | | 

Transient Forward Current (10 usec pulse)!1! 

Reverse Voltage (IR= 50 uA) 


Operating Temperature Range Red/Yellow -55°C to 100°C 
Green -20°C to 100°C 


Storage Temperature Range | -55°C to 100°C 


Lead Soldering Temperature (1.6 mm [0.063 in| from body) 260°C for 5 Seconds (T-1, T-1 3/4) 
260°C for 3 Seconds (Subminiature) 


Note: 

1. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 


RELATIVE INTENSITY 





0 = 
500 550 600 650 700 750 


WAVELENGTH - nm. 


Figure 1. Relative intensity vs. Wavelength 


ig — FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 2 mA) 





Ve — FORWARD VOLTAGE — V Lo Ipc ~ DC CURRENT PER LED —mA 


Figure 2. Forward Current vs. Forward Voltage Figure 3. Relative Luminous Intensity vs. Forward Current 
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Figure 4. Relative Luminous Intensity vs. Angular Displacement Figure 5. Relative Luminous Intensity vs. Angular Displacement 
for T-1 3/4 Lamp for T-1 Lamp 
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Figure 6. Relative Luminous Intensity vs. Angular Displacement for Subminiature Lamp 


T-1 3/4(5 mm) 
Kip HEWLETT HIGH INTENSITY SOLID STATE LAMPS 


PACKARD HIGH EFFICIENCY RED e HLMP-331X SERIES 
YELLOW e HLMP-341X SERIES 
HIGH PERFORMANCE GREEN e HLMP-351X SERIES 








Features 
¢ HIGH INTENSITY 


e CHOICE OF 3 BRIGHT COLORS 
High Efficiency Red 
Yellow 
High Performance Green 


e POPULAR T-1 3/4 DIAMETER PACKAGE 
e SELECTED MINIMUM INTENSITIES 

e NARROW VIEWING ANGLE 

e GENERAL PURPOSE LEADS 

e RELIABLE AND RUGGED 

© AVAILABLE ON TAPE AND REEL 





Package Dimensions Descriptio 


This family of T-1 3/4 lamps is specially designed for 
applications requiring higher on-axis intensity than is 
achievable with a standard lamp. The light generated is 
focused to a narrow beam to achieve this effect. 


Minimum 
Part Intensity 
Number (mcd) Color 
HLMP- | Description at 10 mA (Material) 


seins Mluminator/Point High 
secon Source Efficiency 
Hluminator/High Red 
Brightness (GaAsP 
on GaP) 





25.40 (1.00) 
MIN. 


1.27 (.050) 
NOM. 


Illuminator/Point Yellow 
Source (GaAsP 
Nluminator/High on GaP) 


“aa = Brightness 


Sena Iluminator/Point 
Source 
2.54 (.100) Hluminator/High 
rs Brightness 





CATHODE 





NOTES: 

1, ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm 
(.040”) DOWN THE LEADS. 
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Electrical Characteristics at T, = 25° 


| Device 
Description HLMP- Typ. Test Conditions 
lv Luminous Intensity 3315 12.0 mcd IF = 10 mA (Figure 3) 
| 3316 20.0 
mcd 
mcd 


3415 ee IF = 10 mA (Figure 8) 
20) 1/2 Including Angle 
Between Half 
Luminous Intensity 
Points 
APEAK | Peak Wavelength 









ab! ost 
OoOo;]O°o 
oo|Oo°o 


NO 
oOo 
oo 





—_ no — 
OFP1S°o 
a “loo 


haa IF = 10 mA (Figure 3) 
3315 lF = 10 mA 
3316 See Note 1 (Figure 6) 
| 3415 | Deg. lk — 10 MA 
3416 See Note 1 (Figure 11) 
3517 g 
3519 


Deg. lr =10 mA 
See Note 1 (Figure 16) 
331X nm Measurement at Peak 
341X (Figure 1) 
351X | 










1 SO | 






onan m 
NO PO | W GW ® 


: 
: 
< 
7 
E 
3 





















Ad 1/2 Spectral Line Halfwidth 331X 40 nm 
341X 36 
351X 28 
dd Dominant Wavelength 331X nm See Note 2 (Figure 1) 
341X 
351X 
Ts Speed of Response 331X a 
C Capacitance 331X Ve = 0; f= 1 MHz 
341X 
| 351X 
NJ5c Thermal Resistance 331X Junction to Cathode Lead 
| 341X 
351X 
| VF Forward Voltage 15 le = 10 mA (Figure 2) 
1.5 l- = 10 mA (Figure 7) 
1.5 l—F = 10 mA (Figure 12) 
mV Luminous Efficacy 331X 145 lumens | See Note 3 
| 341X 500 Watt 
351X 595 
| NOTES: 1. 61/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
2. The dominant wavelength, dg, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color 


of the device. 
3. Radiant intensity, le, in watts/steradian, may be found from the equation lg = ly/ny, where ly is the luminous intensity in candelas and ny is 
the luminous efficacy in lumens/watt. 


| Absolute Maxirnum Ratings at Tp = 25°C 


Parameter 

Peak Forward Current 

Average Forward Current!1) 
DC Currenti2 
Power Dissipation!3| | 


| Transient Forward Current!4! (10 | 
psec Pulse) 500 


Operating Temperature Range 55 to +100 55 to +100 20 to +100 
Storage Temperature Range 


500 | 





3-59 


NOTES: 


1. See Figure 5 (Red), 10 (Yellow), or 15 (Green) to establish pulsed operating conditions. . 

2. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. 

3. For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6 mW/°C. 

4. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 
and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 


Absolute Maximum Ratings. 


RELATIVE INTENSITY 


HIGH EFFICIENCY 
RED 





WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength 


High Efficiency Red HLMP-331X Series 
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Figure 5. Maximum Tolerable Peak 
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(Ipc MAX as per MAX Ratings) 
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Figure 6. Relative Luminous Intensity vs. Angular Displacement 
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Yellow HLMP-341X Series 
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Green HLMP-351X Series 
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Kip HEWLETT 


PACKARD 


Features 
¢ HIGH INTENSITY 


e CHOICE OF 4 BRIGHT COLORS 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 


¢ POPULAR T-1% DIAMETER PACKAGE 
e SELECTED M!INIMUM INTENSITIES 

e WIDE VIEWING ANGLE 

e GENERAL PURPOSE LEADS 

e RELIABLE AND RUGGED | 

e AVAILABLE ON TAPE AND REEL 


Description 


This family of T-1% lamps is widely used in general purpose 
indicator applications. Diffusants, tints, and optical design 
are balanced to yield superior light output and wide viewing 
angles. Several intensity choices are available in each color 
for increased design flexibility. 


Package Dimensions 


5.08 (.200) 
: "| 4.57 (.180) 





0.89 (.035) 
0.64 (.025) 
25.40 (1.00) ___0.45 (.018) SQUARE 
MIN. . NOMINAL 


1.27 (.050) __ 
NOM. | 


CATHODE _ 2.54 (.100) 


NOM. 





NOTES: ; 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. AN EPOXY MENISCUS MAY EXTEND ABOUT Imm 
{.040") DOWN THE LEADS. 


T-1 3/4 (5mm) 
DIFFUSED SOLID STATE LAMPS 


HIGH EFFICIENCY RED @ HLMP-3300 SERIES 
ORANGE @ HLMP-D400 SERIES 

YELLOW @ HLMP-3400 SERIES 

HIGH PERFORMANCE GREEN @ HLMP-3500 SERIES 















Minimum 
Intensity 
(mcd) at 10mA 








Color 
(Material) 










Application 























General Purpose High 
Efficiency 
High Ambient Red 
(GaAsP 
3762 Premium Lamp | ao on GaP) 


D400 | General Purpose 


D401_ | High Ambient 
3400 | General Purpose 























Yellow 
3401 | High Ambient (GaAsP 
_ 3862 | Premium Lamp | Bo on GaP) 


3502 General Purpose 
High Ambient | 4.2 
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Electrical Characteristics at T, = 25°C 


peak | Peak Wavelength High Efficiency Red 
Orange 
, Yellow 
| Green 














Device 
Parameter HLMP- Typ. Test Conditions 
Luminous Intensity High Efficiency Red 
3300 2.1 3.5 
3301 4.0 7.0 
3762 8.0 | 12.0 
2.1 3.5 
4.0 7.0 med le =10 mA 
2.2 | 40 
4.0 8.0 
8.0 12.0 


1.6 
4.2 
8.0 11.0 


N 
pS 


mo fp 
om © 
TO p> | = 


vn 
g 
< 
a 
g 
3 


on 
ND 





2604/2 | Including Angle High Efficiency Red 60 
Between Half Orange 60 lr =10 mA 
Luminous Intensity Yellow 60 See Note 1 
Folnis Green 60 
635 
600 Measurement at Peak 
583 
565 
Ah4/2 | Spectral Line HER/Orange 
Halfwidth Yellow 
‘Green 
Dominant Wavelength High Efficiency Red 626 
Orange 602 m See Note 2 
Yellow 585 
Green 569 


i<e) 
o>) 


Speed of Response High Efficiency Red 
Orange 
Yellow 
Green 


Capacitance High Efficiency Red 
Orange 
Yellow 
Green 


Ad 

TS 

C 
b5c Thermal Resistance 
VR 

"Vv 


280 
90 
500 





Ve =0;f=1 MHz 





=i 
BS 
oO 


°C/W Junction to Cathode 
Lead 


Ve Forward Voltage HER/Orange 
Yellow lr =10 mA 
Green 


Reverse Breakdown Voltage 


Luminous Efficacy High Efficiency Red 
Orange 
Yellow 
Green 


V Ip = 100 pA 
NOTES: 


lumens| See Note3 
1. ©1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 

Radiant intensity, le, in watts/steradian, may be found from the equation le = ly/ny, where ly is the luminous intensity in candelas and ny 
is the luminous efficacy in lumens/watt. 
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Absolute Maximum Ratings at Ta = 25°C 


Peak Forward Current Se ae 
Average Forward Current 


90 : 
25 
DC Current!2! 30 
135 
5 
00 




















[1] 





| eo mA 
20 

aaa ne ae z 

Power Dissipation!3! ee ee mw 
en ee a a 


Reverse Voltage (Ip = 100 uA) 


Transient Forward Current'4! (10 usec Pulse) 


Operating Temperature Range 





-20 to +100 


-55 to +100 


260° C for 5 seconds 


90 

25 | 

30 

135 

5 
[206 100 | 







—55 to +100 -55 to +100 


Storage Temperature Range 














Lead Soidering Temperature [1.6 mm (0.063 in.) from body] 
NOTES: 





1. See Figure 5 (Red/Orange), 10 (Yellow) or 15 (Green) to establish pulsed 4. The transient peak current is the maximum non-recurring peak current 
operating conditions. that can be applied to the device without damaging the LED die and 

2. For Red, Orange, and Green series derate linearly from 50°C at 0.5 wirebond. It is not recommended that the device be operated at peak 
mA/° C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. currents beyond the peak forward current listed in the Absolute Maximum 
For Red, Orange, and Green series derate power linearly from 25°C at Ratings. 

. 3. 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6 
mw/°C. 

1.0 


HIGH EFFICIENCY 





0.5 A : | ma 


RELATIVE INTENSITY 











500 600 ji 650 
WAVELENGTH — nm 
Figure 1. Relative Intensity vs. Wavelength 


T-134 High Efficiency Red, Orange Diffused Lamps 
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Figure 2. Forward Current vs. Forward Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency (Luminous 
Voltage Characteristics. vs. DC Forward Current. Intensity per Unit Current) vs. 
LED Peak Current. 
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T-124 Yellow Diffused Lamps 
: : 
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Figure 7. Forward Current vs. Forward 
Voltage Characteristics. 


DC CURRENT 











TO MAXIMUM TOLERABLE 
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RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
























































lpeak MAX. 
ipc MAX. 





l q 
1.0 100 1000 10,000 


Figure 10. Maximum Tolerable Peak Current vs. Pulse 
Duration. (lp¢ MAX as per MAX Ratings) 


T-13/ Green Diffused Lamps 








Figure 8. Relative Luminous Intensity 
vs. Forward Current. 











RELATIVE EFFICIENCY 
(NORMALIZED AT 19mA DC) 








ip — FORWARD CURRENT — mA 


lpeax - PEAK CURRENT - mA 


Figure 9. Relative Efficiency (Luminous 
Intensity per Unit Current) vs. 
Peak Current. 





















































Figure 11. Relative Luminous Intensity vs. Angular 
Displacement. 












































(NORMALIZED AT 10mA) 

















RELATIVE EFFICIENCY 
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RELATIVE LUMINOUS INTENSITY 
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Figure 12. Forward Current vs. Forward 
Voltage Characteristics. 
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DC CURRENT 








RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
TO MAXIMUM TOLERABLE 
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Figure 15. Maximum Tolerable Peak Current vs. Pulse 


Duration. (Ip¢@ MAX as per MAX Ratings) 





Figure 13. Relative Luminous Intensity 
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Ipeak - PEAK CURRENT PER LED - mA Ipeak - PEAK CURRENT PER LED - mA 


Figure 14. Relative Efficiency (Luminous 
Intensity per Unit Current) vs. 
Peak LED Current. 


vs. DC Forward Current. 

































































Figure 16. Relative Luminous Intensity vs. Angular 
Displacement. 
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Features 

¢ HIGH INTENSITY 

¢ LOW PROFILE: 5.8mm (0.23 in) NOMINAL 
° T-1% DIAMETER PACKAGE 


e DIFFUSED AND NON-DIFFUSED TYPES 
¢ GENERAL PURPOSE LEADS 


e IC COMPATIBLE/LOW CURRENT 
REQUIREMENTS 


¢ RELIABLE AND RUGGED 
Description 


The HLMP-3200 Series are Gallium Arsenide Phosphide 
Red Light Emitting Diodes with a red diffused lens. 


The HLMP-3350 Series are Gallium Arsenide Phosphide on 
Gallium Phosphide High Efficiency Red Light Emitting 
Diodes. 


The HLMP-3450 Series are Gallium Arsenide Phosphide on 
Gallium Phosphide Yellow Light Emitting Diodes. 


The HLMP-3550 Series are Gallium Phosphide Green Light 
Emitting Diodes. 


The Low Profile T-1% package provides space savings and 
is excellent for backlighting applications. 


Package Dimensions 





7 


25.40 (1.00) 
(MIN.) 


IN MILLIMETRES (INCHES) 
2. AN EPOXY MENISCUS MAY 
EXTEND ABOUT 1mm (.040”) 
DOWN THE LEADS. 
1.27 (.050) 
NOM. 


NOTES: 
1. ALL DIMENSIONS ARE 





CATHODE 


2.54 (.100) 
NOM. 
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Indicator — 
General Purpose 


Indicator — 
High Brightness 


indicator — 
General Purpose 


Indicator — 
High Brightness 


| Indicator — 


General Purpose 


Indicator — 


Minimum 
Intensity 


@10mA (med)} 


3451 | Indicator — 
High Brightness 
General Purpose 
Point Source 
Indicator — . 
High Brightness | 12.0 
Indicator — 16 
General Purpose! wk: 


High Brightness | 


3567 |General Purpose 
Point Source 


Indicator — 
High Brightness 


T-1 3/4 (5mm) LOW PROFILE 
SOLID STATE LAMPS 


RED @® HLMP-3200 SERIES 

HIGH EFFICIENCY RED @ HLMP-3350 SERIES 
YELLOW @ HLMP-3450 SERIES 
HIGH PERFORMANCE GREEN @ HLIMP-3550 SERIES 


Tinted 
Diffused 
Wide Angle 
Red 


Tinted 
Diffused 
Wide Angle 
HER 


Tinted 
Non-diffused 
Narrow Angle 

HER 


Tinted 
Diffused 
- Wide Angle 
Yellow 


Tinted 
Non-diffused 
Narrow Angle 

‘Yellow 


Tinted 
Diffused 
Wide Angle 
Green 


Tinted 
Non-diffused 
Narrow Angle 

Green 





RED HLMP-3200 SERIES 
Electrical Specifications at T,=25°C 


Test Conditions 


lr = 20 mA (Figure 3) 
deg. 
nm 
nm 
nm 
pF 
V 


a) 
O|s 


Axial Luminous 
Intensity 


pp 
oO 


op) ~ImfolszaiViala 


Included Angle Between Note 1 (Figure 6) 


Half Luminous Intensity 
Points 


Dominant Wavelength 
Spectral Line Halfwidth 
Speed of Response 


Measurement at Peak (Fig. 1) 


ee 
i 
[oF 
Tv 


Reverse Breakdown 
Voltage 


ny Luminous Efficacy 


Junction to Cathode Lead 


2.0 V IF = 20 mA (Fig. 2) 


( 
IR = 100 pA 


Notes: 1. 6¥ is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Ag, is derived from the CiE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity le, in watts/steradian may be found 
from the equation lg = Iy/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in lumens/watt. 
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Figure 2. Forward Current versus Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency 
Forward Voltage. versus Forward Current. (Luminous Intensity 


per Unit Current) 
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Figure 5. Maximum Tolerable Peak Current versus Pulse Figure 6, Relative Luminous Intensity versus 


Duration. (Ipc@ MAX as per MAX Ratings) Angular Displacement. 
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Ve=0;f=1 MHz | 











GREEN HLMP-3550 SERIES 
Electrical Specifications at Ta=25°C 


Test Conditions : 


lz = 10 mA (Fig. 18) 













Included Angle Between 
Half Luminous Intensity 
Points 


Te | Dominant Waveenath 
Tr | Speed ofResponse 
Te capacitance 
[nse Thermal Resistance 
— 


Note 1 (Figure 21) 











Measurement at Peak (Fig. 1) 


Note 2 














0; f=1 MHz 


°C/W Junction to Cathode Lead 


Forward Voltage I-F = 10 mA (Fig. 17) 


Reverse Breakdown V_ | IR=100 pA 
ee 


Notes: 1.6 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Aq, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity lg, in watts/steradian may be found 
from the equation Ig = ly/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in’ lumens/watt. 






































If — FORWARD CURRENT — mA 
TIPEAK - RELATIVE EFFICIENCY 





RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 
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Ve — FORWARD VOLTAGE — V I; — FORWARD CURRENT — mA tpeEak — PEAK CURRENT PER LED — mA 


Figure 17. Forward Current versus Figure 18, Relative Luminous Intensity Figure 19. Relative Efficiency 
Forward Voltage. versus Forward Current. (Luminous Intensity 
_ per Unit Current) 
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Figure 20. Maximum Tolerable Peak Current versus Pulse Figure 21. Relative Luminous Intensity versus 


Duration. (Ipc MAX as per MAX ratings). Angular Displacement. 
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HIGH EFFICIENCY RED HLMP-3350 SERIES 


Electrical Specifications at T,=25°C 
| symbet | veseinton [LMP | in| Tyo. | as. | unt] fet contone 
3.5 mcd | IF = 10 mA (Fig. 8) 
7.0 






















Included Angle Between 
Half Luminous Intensity 
Points 


Peak Wavelength 


| fee | 

[ania | SpectraltineHattwath | +i | 

Speed of Response a 90 pons 
re a 
res ee 

















ONC Thermal Resistance °C/W] Junction to Cathode Lead 


Forward Voltage IF = 10 mA (Fig. 7) 


VR | Reverse Breakdown 5.0 V | IR=100 pA 
| Voltage 
Luminous Efficacy Fos, 145 


Notes: 1. 6y, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Aq, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity Ig, in watts/steradian may be found 
from the equation I, = ly/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in lumens/watt. 
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Figure 7. Forward Current versus Figure 8. Relative Luminous Intensity Figure 9, Relative Efficiency 
Forward Voltage. versus Forward Current. (Luminous Intensity 


per Unit Current) 
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Figure 10. Maximum Tolerable Peak Current versus Pulse Figure 11. Relative Luminous Intensity versus 
Duration. (Ip@ MAX as per MAX Ratings) Angular Displacement. 
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YELLOW HLMP-3450 SERIES 
Electrical Specifications at T,=25°C 


: Device 
Description | HLMP- Typ. 
lv 95 | 40 


Axial Luminous Intensity | 3450 
Points 
4 


5 | 
[rea | PeakWavelenain |__| 88 |_| nm [MoaourementatPeak Fa 
[As | DominantWavelenats [885 || em [Nolee 
Speed otResponse S| «TO ff ms [| OCOC~™~CSCS 
[Capacitance | Cid 
Thermal Resistance i 4 


| °C/W| Junction to Cathode Lead 
Forward Voltage V_ | Ir =10 mA (Fig. 12) 


Reverse Breakdown 5.0 V | IR=100 pA 
Voltage 


” Luminous Efficacy pf 800 | Im Notes 


Notes: 1. 6, is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Aq, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3° Radiant Intensity lg, in watts/steradian may be found 
from the equation lg = ly/ny, where ly is the luminous intensity in candelas and ny is the luminous efficacy in lumens/watt. 


Test Conditions 


IF = 10 mA (Fig. 13) | | 













Included Angle Between 
Half Luminous Intensity 





Note 1 (Fig. 16) 
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Figure 15. Maximum Tolerable Peak Current versus Pulse Figure 16. Relative Luminous Intensity versus 
Duration. (Ipc MAX as per MAX Ratings). Angular Displacement 
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Features 


LOW COST, BROAD APPLICATIONS 

LONG LIFE, SOLID STATE RELIABILITY 

LOW POWER REQUIREMENTS: 20 mA @ 1.6V 
HIGH LIGHT OUTPUT: 

2.0 mcd Typical for HLMP-3000 

4.0 mcd Typical for HLMP-3001 

WIDE AND NARROW VIEWING ANGLE TYPES 
e RED DIFFUSED AND NON-DIFFUSED 
VERSIONS 


Description 


The HLMP-3000 series lamps are Gallium Arsenide 
Phosphide light emitting diodes intended for High Volume/ 
Low Cost applications such as indicators for appliances, 
smoke detectors, automobile instrument panels and many 
other commercial uses. 


The HLMP-3000/-3001/-3002/-3003 have red diffused 
lenses where as the HLMP-3050 has a red non-diffused 
lens. These lamps can be panel mounted using mounting 
clip HLMP-0103. The HLMP-3000/-3001 lamps have .025” 
leads and the HLMP-3002/-3003/-3050 have .018” leads. 


NOTES: 

1. The transient peak current is the maximum non-recurring peak current that 
can be applied to the device without damaging the LED die and wirebond. It 
is not recommended that the device be operated at peak currents beyond the 
peak forward current listed in the Absolute Maximum Ratings. 


Package Dimensions 
HLMP-3002/-3003/-3050 


5.08 (.200 
4.57 (.180 


Sl= 


T-1 3/4 (5mm) 
RED SOLID STATE LAMPS 


HLMP-3000 
HLMP-3001 
HLMP-3002 
HLMP-3003 
HLMP-3050 








Absolute Maximum Ratings 


at Ta = 25°C 


Parameter 


Power Dissipation 


DC Forward Current (Derate 
linearly from 50°C at 0.2 mA/° C) 


50 
Average Forward Current 
Peak Operating Forward Current 1000 


Reverse Voltage (IR = 100 pA) 


Transient Forward Current !! 
(10 usec Pulse) 
Operating and Storage Temp- 
erature Range 
Lead Solder Temperature (1.6 mm 
[0.063 inch] below package base) 


HLMP-3000/-3001 





3000 Series | Units | 


2000 


-55° C to +100° C 


260° C for 5 seconds 











5.08 (.200) 
| cS . “\~ 4.57 (.180) 
9.19 (.362) nee 9.19 (.362) 
8.43 (.332) 89 (.035 8.43 (.332) 
8.43 (.332) 89 (.035) 
11.56 an 164 (.025) 
10.80 (.425 
| THT! 
0.89 (.035) 
0.64 (.025) 1.32 (.052) 
7.02 (.040) 
0.64 (.025) 
0.45 (.018) SQUARE 23.0 (.90) + —- SQUARE 
25.40 (1.00) MIN 
NOMINAL NOMINAL 
MIN. 
1.27 (.050) 
NOM. 


1.27 (.050) NOMINAL 
NOTES: 


4 
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1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 





(.040’") DOWN THE LEADS. 


—— 





2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm { 


| 6.1 (.240) 
4 6.10 (.240) Si _(2a0} 
5.59 (.220) 






CATHODE 2.54 (.100) 


NOM. 
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5.6 (.220) 


CATHODE 
- 2.54 (.100) NOM. 













mcd 


| Symbol | Description ———|__— Device HLMP- 
mcd | l-F =20 mA 


| Luminous Intensity 3000/3002 ; 
3001/3003 2.0 4.0 
3050 1.0 2.5 med | lr =20 mA 
201/2 Included Angle Between 3000/3002 60 l—e =20 mA 
Half Luminous 3001/3003 60 
. Intensity Points 3050 24 


l- = 20 mA. 





lv 
AP Peak Wavelength 3000/3002 655 n Measurement at Peak 
3001/3003 655 
3050 655 . 
Ad Dominant Wavelength - 3000/3002 © n 
ao 3001/3003 
ee . : 3050 . 
Spectral Line Halfwidth ~ 3000/3002 —Cyj. n 
=. 3001/3003 
pe 3050 
Speed of Response 3000/3002 n 
3001/3003 
. 3050 
= 7 





a 
“C.| Capacitance 3000/3002 
| Se | 3001/3003 
3050 
OUC Thermal Resistance 3000/3001 95 °C/W | Junction to Cathode Lead 
3002/3003 120 | 
| | 3050 120 
VF 
VR | 


m 
m 
m 
S 
F 

V 









Forward Voltage . ' 3000/3002 _—Cs 1.4 1.6 2.0 l-F = 20 mA (Fig. 2) 
~ 3001/3003 
3050 | 
' Reverse Breakdown 3000/3002 5.0 
Voltage 3001/3003 
3050 


50 

40 

30 

20 
10 / 

5 

4 

3 

2 

1 








































RELATIVE LUMINOUS INTENSITY 


Ip — FORWARD CURRENT — mA 
~ 














1.40 1.50 1.60 1.70 
Ve ~ FORWARD VOLTAGE — VOLTS Ip — FORWARD CURRENT — mA 
Figure 1. Forward Current Versus Forward Voltage Figure 2. Relative Luminous Intensity Versus Forward Current 
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= 
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al 
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eg 
WAVELENGTH — nm 
Figure 3. Relative Luminous Intensity Versus Angular Figure 4. Relative Luminous Intensity Versus Wavelength. 


Displacement. 
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| T-1 (3 mm) 
HIGH INTENSITY SOLID STATE LAMPS 


HIGH EFFICIENCY RED e HLMP-132X SERIES 
YELLOW e HLMP-142X SERIES 
HIGH PERFORMANCE GREEN e HLMP-152X SERIES 
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Features 
° HIGH INTENSITY 


CHOICE OF 3 BRIGHT COLORS 
High Efficiency Red 
Yellow 
High Performance Green 


e POPULAR T-1 DIAMETER PACKAGE 
e SELECTED MINIMUM INTENSITIES 
e NARROW VIEWING ANGLE 

e GENERAL PURPOSE LEADS 

e RELIABLE AND RUGGED 

e AVAILABLE ON TAPE AND REEL 


Package Dimensions 


w 
= 
co 
ay 
NR 
Sg 


| 
3; 







a 
ws 
=) 
oV 


N|O nis 
> 
Ww 
> od 
Ww 
a og 


| 
i 


Np 
= 
—_ 
9 


6.35 (.250) 4.70 (.185) 





Description 





This family of T-1 lamps is specially designed for applica- 
tions requiring higher on-axis intensity than is achievable 
with a standard lamp. The light generated is focused to a 


narrow beam to achieve this effect. 


5.58 (.220) BAS: 1OS , Minimum 
Part Intensity 
1.02 (.040) Number (mcd) Color 
HLMP- | Description at10 mA (Material) 
1320 Untinted High 
SA iat Non-Diffused Efficiency 
Red 
0.45 (.018) 





SQUARE NOMINAL 
CATHODE 


1321 Tinted 
Non-Diffused 





1420 Untinted 99 
Non-Diffused 
NOMINAL 1421 Tinted on GaP) 
Non-Diffused 
. — <— a (.100) 1520 Untinted 42 
baa tae Non-Diffused 
1521 Tinted 42 
Non-Diffused 
NOTES: 


(GaAsP 
on GaP) 


Yellow 
(GaAsP 





g 
ba fae 
= 
=. 
on 
a 
= 
8 





1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). . 


2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm 
(.040’) DOWN THE LEADS. 
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Electrical Characteristics at T, = 25°C 


| | Device a; 
Description : HLMP-. Typ. 
ly | Luminous Intensity 1320 | 86 | 12.0 
, 3 1321 8.6 | 12.0 
2014/2 | Including Angle All 45 Deg. lr-=10mA 


Test Conditions 
lp = 10 mA (Figure 3) 





cd 


l- = 10 mA (Figure 8) 


lp = 10 mA (Figure 3) 


Between Half See Note 1 
Luminous Intensity Points . (Figures 6, 11, 16, 21) 


Measurement at Peak 
(Figure 1) 


Apeak | Peak Wavelength 


An1/2 


Spectral Line Halfwidth 





See Note 2 (Figure 1) 





Speed of Response 





7 


Capacitance 132X 






Ve=0; f= 1 MHz 


Junction to Cathode Lead 


Dominant Wavelength 626 
, 585 
3 569 


Thermal Resistance All : 







» O5c 





fe} 
h< <|Q so) 
= 








Ve __| Forward Voltage — 132X lr=10 mA 
142X 
152X ; : 
Reverse Breakdown Voltage pau | 50] | IR = 100 pA 
nv Luminous Efficacy 132X 145 lumens See Note 3 
: 142X 500 Watt 
152X 595 
Notes: - 
1. 47/9 is the off-axis angle at which the luminous intensity is half the axial 3. Radiant intensity, le, in watts/steradian, may be found from the equation 
luminous intensity. le = ly/ny, where ly is the luminous intensity in candelas and ny is the 
2. The dominant wavelength, Ag, is derived from the CIE chromaticity luminous efficacy in lumens/watt. , 
diagram and represents the single wavelength which defines the color of 
the device. 


Absolute Maximum Ratings at T, = 25°C 


Parameter 





Peak Forward Current 

Average Forward Current!!! . 
DC Currentl2! 

Power Dissipation|$!  - 


@ | ro 

nN 
; 

nm 
| 

3 

> 


Reverse Voltage (IR = 100 yA) : 


| 


—20 to +100 ‘ 
sor | stoi | 210500 
260° C for 5 seconds 
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Transient Forward Currentl4! (10 
psec Pulse) 






Operating Temperature Range 
Storage Temperature Range 


—_ 
Ww 
on 
© 
; 
— 
OO 
on 


Lead Soldering Temperature 
[1.6 mm (0.063 in.) from body] 


NOTES: 


as 


See Figure 5 (Red), 10 (Yellow), or 15 (Green) to establish pulsed operating conditions. 


2. For Red and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. 
3. 
4. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging the LED die 


For Red and Green series derate power linearly from 25°C at 1.8 mW/°C. For Yellow series derate power linearly from 50°C at 1.6 mW/°C. 


and wirebond. It is not recommended that the device be operated at peak currents beyond the peak forward current listed in the 
Absolute Maximum Ratings. 








a YELLOW 


HIGH EFFICIENCY 











RELATIVE INTENSITY 
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- 
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WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength 


T-1 High Efficiency Red Non-Diffused 
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(NORMALIZED AT 10 mA) 














ip — FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
nipeak — RELATIVE EFFICENCY 


























7 
1.0 2.0 3. 0 10 20 30 40 50 60 70 80 90 
Ve — FORWARD VOLTAGE — V Ipc - DC CURRENT PER LED - mA IpEak — PEAK CURRENT PER LED — mA 
Figure 2. Forward Current vs. Forward ’ Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency 
Voltage Characteristics vs. DC Forward Current (Luminous Intensity per Unit 


Current) vs. Peak LED Current 





























TO MAXIMUM TOLERABLE 
DC CURRENT 








RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
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Ae 
=|z 
x/= 
Slo 
2/2 
1,000 10,000 
tp - PULSE DURATION -xs 
Figure 5. Maximum Tolerable Peak Figure 6. Relative Luminous Intensity vs. Angular Displacement 


Current vs. Pulse Duration. 
(IpCMAX as per MAX Ratings) 
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T-1 Yellow Non-Diffused 
: an 







(NORMALIZED AT 10mA) 


tf - FORWARD CURRENT - mA 
8. 8 


RELATIVE LUMINOUS INTENSITY 


Ve - FORWARD VOLTAGE - V 


Figure 7. Forward Current vs. 
Forward Voltage 
Characteristics 


6 —T—T—T—TT——— ooo ee oo 


DC CURRENT 











TO MAX!MUM TOLERABLE 











RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 





























IpPEax MAX. 
lpc MAX. 





1.0 10 100 1,000 10,000 


tp — PULSE DURATION — us 


Figure 10. Maximum Tolerable Peak Current 
vs. Pulse Duration. (IpCcMAX 
as per MAX Ratings) 


| T-1 Green Non-Diffused 


‘ - | st 
70 


























Ig — FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 10mA) 

















1.0 2.0 3.0 4.0 5.0 
Ve — FORWARD VOLTAGE — V 
Figure 12. Forward Current vs. 


Forward Voltage 
Characteristics 


6 


c~Y 








DC CURRENT 











TO MAXIMUM TOLERABLE 











RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 















































Ipeak MAX. 
Ipc MAX. 





1.0 10 100 1,000 | 70,000 
tp - PULSE DURATION -us 
Figure 15. Maximum Tolerable Peak Current 


vs. Pulse Duration. (IpCMAX 
as per MAX Ratings) 





Figure 8. Relative Luminous Intensity 
vs. Forward Current 


RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA DC) 
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|; - FORWARD CURRENT - mA 


lpgax — PEAK CURRENT — mA 


- Figure 9. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current 
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Figure 11. Relative Luminous Intensity vs. Angular Displacement 








Figure 13. Relative Luminous Intensity 








RELATIVE EFFICIENCY 








5 10 15 20 25 30 35 40 


“Ipeax - PEAK CURRENT PER LED - mA Ipcax - PEAK CURRENT PER LED - mA 


Figure 14. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak LED Current 


vs. Forward Current 





Figure 16. Relative Luminous Intensity vs. Angular Displacement 
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Features 


e HIGH INTENSITY 

e CHOICE OF 4 BRIGHT COLORS 
High Efficiency Red 
Orange 


Yellow 
High Performance Green 


¢ POPULAR T-1 DIAMETER PACKAGE 
e SELECTED MINIMUM INTENSITIES 
e WIDE VIEWING ANGLE 

e GENERAL PURPOSE LEADS 

e RELIABLE AND RUGGED 


e AVAILABLE ON TAPE AND REEL 


Package Dimensions 






1.02 (0.040) NOM. 


24.13 (0.95) 


CATHODE 


1.27 (0.050) 
NOM. 


2.54 (0.100) 
NOM. 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm 
(0.040’) DOWN THE LEADS. 


0.45 (0.018) SQUARE NOM. 
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T-1 (3mm) 
DIFFUSED SOLID STATE LAMPS 


HIGH EFFICIENCY RED ® HLMP-1300 SERIES 
ORANGE @ HLMP-K400 SERIES 

YELLOW © HLMP-1400 SERIES 

HIGH PERFORMANCE GREEN @ HLMP-1500 SERIES 





Description 


This family of T-1 lamps is widely used in general purpose 
indicator applications. Diffusants, tints, and optical design 
are balanced to yield superior light output and wide viewing 
angles. Several intensity choices are available in each color 
for increased design flexibility. 



























Part Minimum 
Number Intensity Color 
HLMP- | Application (mcd) at 10mA | (Material) 












1300 General Purpose | to | High 
1301 | General Purpose rr apt 
e 
1302 | High Ambient | 30 (GaAsP 
1385 | Premium Lamp on GaP) 






K400 General Purpose 


K401 High Ambient 
K402 


1.0 

2.0 

3.0 
Lee 
) 
[60 









Yellow 
(GaAsP 
1402 on GaP) 


1485 _| Premium Lamp _ 
1503__| General Purpose 
1523__| High Ambient 
1585__| Premium Lamp _ 


Green 


High Ambient 
i (GaP) 


n 
g 
: 
= 
on 
3 
3 








Electrical Characteristics at TA = 25°C 
[Smet [oeeinion [beeen [tn i: [ats [Ts coco 


Luminous Intensity High Efficiency Red 
1300 

1301 
1302 
1385 


Orange 
K400 

K401 
K402 
























Including Angle 
Between Half 

Luminous Intensity 
Points 


Peak Wavelength 













le=10mA 
See Note 1 


201/2 
Yellow 


Ad14/2 Spectral Line High Efficiency Red 40 
; Halfwidth | Yellow 36 nm 
Green 28 . 
Orange 
Green 


Speed of Response High Efficiency Red 
Yellow 
a Reverse Breakdown Volt. | All oe 







High Efficiency Red 
Orange 
Yellow 

Green 


High Efficiency Red 
Orange 


Measurement at Peak 





Dominant Wavelength 








See Note 2 




















Ve =0; f= 1 MHz 


Junction to Cathode 
Lead 


In = 100 pA 
NOTES: 


lumens 
Watt | See Note 3 
. @1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


1 

2. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation le = ly/ny, where ly is the luminous intensity in candelas and ny 
is the luminous efficacy in lumens/watt. 










Orange 
Yellow 
C Capacitance 
Green 
Luminous Efficacy High Efficiency Red 
Orange 


Green 
High Efficiency Red 
Forward Voltage HER/Orange 
Yellow 
Yellow 
Green 
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Absolute Maximum Ratings at Ta = 25°C 


Peak Forward Current 


Average Forward Current"! 


DC Current!2! 


Power Dissipation!*! 

























Reverse Voltage (IR = 100 nA) 


Transient Forward Current! 4! (10 usec Pulse) 


Operating Temperature Range -20 to +100 
-55 to +100 -55 to +100 
Storage Temperature Range -55 to +100 
| Lead Soldering Temperature |1.6 mm (0.063 in.) from body| 260°C for 5 seconds 


NOTES: 
1. See Figure 5 (Red/Orange), 10 (Yellow) or 15 (Green) to establish pulsed 4. The transient peak current is the maximum non-recurring peak current 





ois 
«| 
ee ee 











operating conditions. that can be applied to the device without damaging the LED die and 
2. For Red, Orange, and Green series derate linearly from 50°C at 0.5 wirebond. It is not recommended that the device be operated at peak 

mA/°C. For Yellow series derate linearly from 50°C at 0.2 mA/°C. currents beyond the peak forward current listed in the Absolute Maximum 
3. For Red, Orange, and Green series derate power linearly from 25°C at 1.8 Ratings. 


mW/° C. For Yellow series derate power linearly from 50°C at 1.6 mW/°C. 





1.0 














RELATIVE INTENSITY 
° 
a 








0 
5 
WAVELENGTH - nm 


T-1 High Efficiency Red, Orange Diffused Lamps 
a : | 
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Figure 2. Forward Current vs. Forward Figure 3. Relative Luminous Intensity Figure 4. Relative Efficiency (Luminous 
Voltage Characteristics. vs. DC Forward Current. Intensity per Unit Current) 
vs. Peak LED Current. 
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Figure 5. Maximum Tolerable Peak Current vs. Pulse Figure 6. Relative Luminous Intensity vs. Angular Displacement. 
Duration. (Ipc MAX as per MAX Ratings). 
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Figure 7. Forward Current vs. Forward Figure 8. Relative Luminous Intensity Figure 9. Relative Efficiency 





Voltage Characteristics. vs. Forward Current. (Luminous Intensity per Unit 
. . Current) vs. Peak Current. 
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Figure 10. Maximum Tolerable Peak Current Figure 11. Relative Luminous Intensity vs. Angular Displacement. 


vs. Pulse Duration. (Ipc MAX 
as per MAX Ratings.) ; 


T-1 Green Diffused Lamps 


lp — FORWARD CURRENT - mA 

















(NORMALIZED AT 10mA) 
RELATIVE EFFICIENCY 





RELATIVE LUMINOUS INTENSITY 








0 5 10 #1 20 25 30 35 40 


Ve — FORWARD VOLTAGE — V 


lpeax - PEAK CURRENT PER LED -mA Ipeak - PEAK CURRENT PER LED - mA 
Figure 12. Forward Current vs. Forward Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency (Luminous 
Voltage Characteristics. vs. Forward Current. Intensity per Unit Current) 


vs. Peak LED Current. 
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Figure 15. Maximum Tolerable Peak Current Figure 16. Relative Luminous Intensity vs. Angular Displacement. 


vs. Pulse Duration. (Ip¢ MAX 
as per MAX Ratings.) 
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Features 


e WIDE VIEWING ANGLE 

e SMALL SIZE T-1 DIAMETER 3.18mm (0.125”) 
e IC COMPATIBLE 

e RELIABLE AND RUGGED 


Description 


The HLMP-1000 is a series of Gallium Arsenide Phosphide 
Light Emitting Diodes designed for applications where 
space is at a premium, such as in high density arrays. 


The HLMP-1000 series is available in three lens configura- 
tions. 


HLMP-1000 — Red Diffused lens provides excellent on-off 
contrast ratio, high axial luminous intensity, and wide view- 
ing angle. 

HLMP-1080 — Same as HLMP-1000, but untinted diffused to 
mask red color in the “off” condition. 

HLMP-1071/-1201 — Untinted non-diffused plastic lens pro- 


vides a point source. Useful when illuminating external lens, 
annunciators, or photo-detectors. 


Iv (med) Typ. 
@ 20 mA ae 
Angle 


20 1/2 













Package & 
Lens Type 


A-Tinted 
Diffused 


-1002 A-Tinted 
Diffused 

-1080 A-Untinted 
Diffused 

-1071 A-Untinted 
Non-Diffused 





ri 


“1200 B-Untinted 
Non-Diffused 


cae 

ak halk 

ie all 

: 

" 
Non-Diffused : 
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T-1 (3mm) 
RED SOLID STATE LAMPS 


HLMP-1000 Series 
HLMP-1200 Series 





sal 
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RO 
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1.02 (.040) 
NOM. 











S 
5 
«x 
& 
= 
R 


24.13 (0.95) 
MIN. 
0.45 (.018) 


CATHODE 


1.27 (.050) 
NOM. 
<— 2.54 (0.100) NOMINAL 
Figure A. 
5.33 (0.21) 
4.31 (0.17) 
24,13 (0.95) 
IN. 


0.45 (.018) 
SQUARE 
NOMINAL 


1.27 (.050)— | 
NOM. | | 
| 


2.54 (0.100) 
ati | — NOMINAL 


Figure B. 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm 
(.040’) DOWN THE LEADS. 





Absolute Maximum Ratings at T, = 25°C 





1000 Series iy. 





3 


Power Dissipation 


DC Forward Current [1] 50 
7 50 
5 


= aa 
a 


3 





3 





Operating and Storage Temperature Range 55° C to +100°C 
Lead Solder Temperature (1.6 mm [0.063 inch] below package base) 


Note: 
1. Derate linerarly from 50°C at 0.2 mA/°C. 






260° C for 5 seconds 





Electrical Characteristics at T,=25°C 


[Symbol | Parameters Min 
[Arcane | PeakWaveenam Sidi 
TAs | Dominant Wavelength ‘|i 
os 
2k 
| 
| 












| Units | Test Conditions | 
| nm | Measurement at Peak 








5 
i 8 
i 
axe | Thermat Resisanes «|| 
[va | Reverse Breakdown Vortage | 5 
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Figure 1. Forward Current vs. Figure 2. Luminous Intensity vs. Figure 3. Typical Relative Luminous 
Voltage Characteristic. Forward Current (IF). Intensity vs. Angular Displacement. 
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(A eackano 





Rectangular Solid State 
Lamps 


Technical Data 


HLMP-R100 : 
HLMP-0300/0301 3 
HLMP-0400/0401 7 
HLMP-0503/0504 B 
= 
oO 








Features The HLMP-R100 uses a double 
e Rectangular Light heterojunction (DH) absorbing 
Emitting Surface substrate (AS) aluminum 
e Flat High Sterance gallium arsenide (AlGaAs) red 
Emitting Surface LED chip ina light red epoxy 
© Stackable on 2.54 mm package. This combination 
(0.100 inch) Centers produces outstanding light 
seal ae Flesh Mounted output over a wide range of 
Panel ladicat drive currents. 
anel Indicators 
* Ideal for Backlighting The HLMP-0300 and -0301 have 
Legends a high efficiency red GaAsP on 
¢ Long Life: Solid State GaP LED chip in a light red = 
Reliability epoxy package. The HLMP-0503 and -0504 
¢ Choice of 4 Bright Colors provide a green GaP LED chip 
DH AS AlGaAs Red The HLMP-0400 and -0401 in a green epoxy package. 
High Efficiency Red provide a yellow GaAsP on GaP 
Yellow LED chip in a yellow epoxy 
High Performance Green package. 


¢ IC Compatible/Low 


Current Requirements Package Dimensions 


2.54 (0.100) 


Description 
7.62 (0.300) 0.46 (0.018) 


The HLMP—R100, -030X, -040X, 7-11 (0.280) SQUARE NGM. 
-050X are solid state lamps aes mi 
me 
8.00 








encapsulated in a radial lead os 
rectangular epoxy package. 
They utilize a tinted, diffused £.00 

7.37 0 290) | | 
epoxy to provide high on-off — 
contrast and a flat high inten- 254 ( = ae | LEAD 
sity emitting surface. Borderless a 1.27 (0.050) 
package design allows creation 2 Pe eel a 
of uninterrupted light emitting 


roca 2.54 (0.100) 
areas. Lc VIEW 39 


(0.090) 


a 
BOTTOM VIEW 
CATHODE 







315) 




















NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1 mm (0.040”) DOWN THE LEADS. 
3. THERE IS A MAXIMUM 1° TAPER FROM BASE TO TOP OF LAMP. 
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Axial Luminous Intensity 


Efficiency 
Red 


Yellow 






HLMP-0401 | 3.0 
HLMP-0503 15 | 


Performance. |— 7 
Green _ HLEMP-0504 


Absolute Maximum Ratings at T <= 25°C 


Parameter | oie R100 | 0300/-0301 | 0400/0401 | 0503/-0504 


Peak Forward Current - 












ee 
[5 aw 


| eo 
Average Forward Current) hi 220-4 
a 
Reve Voge =t00na) | 6 fs if 


Lead Soldering Temperature | 260°C for 5 seconds — 
(1.6 mm [0.063 in.] from body) | 


Notes: 
1. See Figure 5 to establish pulsed operating conditions. 


2. For AlGaAs Red, Red, and Green Series derate linearly from 50°C at 0.5 mA/°C. For Yellow Series derate linearly from 50°C 
at 0.2 mA/°C. 


3. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging 
the LED die and wirebond. It is not recommended that the device be operated at peak current beyond the peak forward 
current listed in the Absolute Maximum Ratings. | 
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Electrical/Optical Characteristics at T, = 25°C 


Test 
Description Conditions 


Included Angle 
Between Half 
Luminous 
Intensity 
Points 


Peak 
Wavelength 
Na Dominant 
Wavelength 
AA... | Spectral Line 
Halfwidth 


7 
5 
uu 
= 
pes 
nn 
fo] 
a 
©) 
” 





Junction to 
athode Lead 


Reverse 
Breakdown 
Voltage 





‘ea 
is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 
2 “tite dominant wavelength, 1,, is derived from the CIE chromaticity diagram and represents the single wavelength which 
defines the color of the device. 
3. Radiant intensity, I_, in watts/steradian, may be found from the equation I, = I /n,, where I, is the luminous intensity in 
candelas and 1, is the luminous efficacy in lumens/watt. 


AlGaAs RED 








RELATIVE INTENSITY 


HIGH | 
EFFICIENCY | 
RED | 

















WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength. 
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Figure 2. Forward Current vs. Figure 3. Relative Luminous Figure 4. Relative Efficiency 
Forward Voltage. V,, (300 mA) for Intensity vs. Forward Current. (Luminous Intensity per Unit 
AlGaAs Red = 2.6 Volts Typical. Current) vs. Peak Current. n, (300 
mA) for AlGaAs Red = 0.7. 












PEAK CURRENT TO MAXIMUM 





ipEAK MAX RATIO OF MAXIMUM TOLERABLE 
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Figure 5. Maximum Tolerable Peak Current vs. Peak 
Duration (1,,,, MAX Determined from Temperature 
Derated I, MAX). 
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Figure 6. Relative Luminous Intensity vs. Angular 
Displacement. 
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2mm x 5mm Rectangular 


Lamps 


Technical Data 


Features 

e Rectangular Light 
Emitting Surface 

e Excellent for Flush 
Mounting on Panels 


¢ Choice of Five Bright 
Colors 

e Long Life: Solid State 
Reliability 

e Excellent Uniformity of 
Light Output 


Description 


The HLMP-S100, -S200, -S300, 
-S400, -S500 are epoxy encapsu- 
lated lamps in rectangular 
packages which are easily 
stacked in arrays or used for 
discrete front panel indicators. 
Contrast and light uniformity 
are enhanced by a special epoxy 
diffusion and tinting process. 


The HLMP-S100 uses double 
heterojunction (DH) absorbing 
substrate (AS) aluminum 
gallium arsenide (AlGaAs) 
LEDs to produce outstanding 
light output over a wide range 
of drive currents. 


oe 


| | CATHODE 


Package Dimensions 


a 


— 


18 (0.204 5.46 (0.215) 
5 


ore 5.46 (0.215) 
.93 (0.194) | 4.95 (0.195) 


> 


LEAD 


25.40 (1.00) MIN. 





1.27 (0.050) 
NOMINAL 


8.00 (0.315) 





2.23 (0.088) SIDE View 2-03 (0.085) 


98 (0.078 





on 
~! 


0.46 (0.018) SQ. 
NOMINAL 






2.54 (0.100) 
NOMINAL 


BOTTOM VIEW 


NOTES: 


1, ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). . 


2. AN EPOXY MENISCUS MAY EXTEND ABOUT 
1 mm (0.040”) DOWN THE LEADS. 

3. THERE IS A MAXIMUM 1° TAPER FROM 
BASE TO THE TOP OF LAMP. 
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Lip HEWLETT 


PACKARD 


HLMP-S100 Series 
HLMP-S200 Series 
HLMP-S300 Series 
HLMP-S400 Series 
HLMP-S500 Series 
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Electrical/Optical Characteristics at T, = 25°C 
























Luminous 
Intensity 





AlGaAs Red 
S100 
rigs Efficiency Red 
200 


$201 


Orange 
S400 
S401 

Yellow 
S300 

S301 





' 
' 
i 
fo 
{ 
i 
i 
i 
| 
| 
Hen 
a 
i 
; i 













AlGaAs Red 
HER/Orange 
Yellow 

Green 


V 





Forward Voltage 







F 





R 


201/2 | Included Angle 
Between Half All 110 
Luminous 
Intensity Points 
Peak Wavelength | AlGaAs Red 
‘ve High Efficiency Red | 
Orange i Measurement at — 
| Yellow Peak | 
Green __ | 
4, | Dominant AlGaAs Red 
Wavelength High Efficiency Red 
Orange See Note 2 | 
| Yellow 
Green 
Tt, | Speed of AlGaAs Red 
Response High Efficiency Red | 
Orange 
Yellow 
Green | 
C | Capacitance AlGaAs Red | 
High Efficiency Red 
Orange 
Yellow 
Green a | 
8,, | Thermal AlGaAs Red 220 Junction to Cathode 
Resistance All Others 120 °C/W_ | Lead at Seating 
| | Plane 
R 
Ny 









Reverse Break- All 

down Voltage 

Luminous AlGaAs Red 

Efficacy High Efficiency Red | 
Orange 
Yellow 
Green 


Notes: 

1. 61/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, 1,, is derived from the CIE chromaticity diagram and represents the single wavelength which 
defines the color of the device. 

3. Radiant intensity, I,, in watts/steradian, may be found from the equation I, = I/n,, where I, is the luminous intensity in 
candelas and 1, is the luminous efficacy in lumens/watt. 
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Absolute Maximum Ratings at T, = 25°C 


: 
5 
Lal 
= 
< 
= 
nn 
Qa 
a 
© 
72) 


-20 to +100 -20 to +100 

20104100 | ang | xe to at00 [22002 #100! oc 
-55 to +100 -55 to +100 

Lead Soldering Temperature 


[1.6 mm (0.063 in.) below 260°C for 5 seconds 
seating plane] | 





Notes: 

1. See Figure 5 to establish pulsed operating conditions. 

2. For AlGaAs Red, Red, Orange, and Green series derate linearly from 50°C at 0.5 mA/°C. For Yellow series derate linearly 
from 50°C at 0.34 mA/*C. 

3. The transient peak current is the maximum non-recurring peak current that can be applied to the device without damaging 
the LED die and wire bond. It is not recommended that the device be operated at peak currents beyond the peak forward 
current listed in the Absolute Maximum Ratings. 


1.0 


HIGH EFFICIENCY 
RE 


AlGaAs RED 











RELATIVE INTENSITY 
° 
ua 











WAVELENGTH ~ nm 


Figure 1. Relative Intensity vs. Wavelength 


AlGaAs 
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a 53 a 
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< Ss a 
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pn Ww 

= 
1.0 2.0 3.0 4.0 5.0 “0 10 20 30 40 50 60 70 80 90 
Ve —- FORWARD VOLTAGE - V Ipc - DC CURRENT PER LED - mA IpEAK - PEAK CURRENT PER LED- mA 

Figure 2. Forward Current vs. Figure 3. Relative Luminous Figure 4. Relative Efficiency 
Forward Voltage Characteristics. Intensity vs. DC Forward Current (Luminous Intensity per Unit 
V,, (300 mA) for AlGaAs Red = 2.6 Current) vs. LED Peak Current. nv 
Volts Typical (300 mA) for AlGaAs Red = 0.7 
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Figure 5. Maximum Tolerable Peak Current vs. Peak Duration 
(eax MAX Determined from Temperature Derated I,,,, MAX) 



































Figure 6. Relative Luminous Intensity vs. Angular Displacement 
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Subminiature Solid State 


Lamps 


Technical Data 


Features 

¢ Subminiature Flat Top 
Package 
Ideal for Backlighting and 
Light Piping Applications 

e Subminiature Dome 
Package 
Diffused Dome for Wide 
Viewing Angle 
Nondiffused Dome for High 
Brightness 

e Arrays 

e TTL and LSTTL 
Compatible 5 Volt Resistor 
Lamps 

e Available in Six Colors 


¢ Ideal for Space Limited 
Applications 
e Axial Leads 


¢ Available with Lead 
Configurations for Surface 
Mount and Through Hole 
PC Board Mounting 


Description 


Flat Top Package 

The HLMP-PXXxX Series flat top 
lamps use an untinted, non- 
diffused, truncated lens to 
provide a wide radiation pattern 
that is necessary for use in 
backlighting applications. The 
flat top lamps are also ideal for 
use as emitters in light pipe 
applications. 


Dome Packages 

The HLMP-6XXX Series dome 
lamps for use as indicators use a 
tinted, diffused lens to provide a 
wide viewing angle with a high 
on-off contrast ratio. High 
brightness lamps use an 
untinted, nondiffused lens to 
provide a high luminous 
intensity within a narrow 
radiation pattern. 


Arrays 

The HLMP-66XX Series 
subminiature lamp arrays are 
available in lengths of 3 to 8 
elements per array. The 
luminous intensity is matched 
within an array to assure a 2.1 
to 1.0 ratio. 


Resistor Lamps 

The HLMP-6XXxX Series 5 volt 
subminiature lamps with built 
in current limiting resistors are 
for use in applications where 
space is at a premium. 


Lead Configurations 

All of these devices are made by 
encapsulating LED chips on 
axial lead frames to form molded 
epoxy subminiature lamp 
packages. A variety of package 
configuration options is avail- 
able. These include special sur- 
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HEWLETT 
PACKARD 


Gi 


HLMP-PXXX Series 
HLMP-Q1XX Series 
HLMP-6XXX Series 
HLMP-70XX Series 


n 
= 
s 
> 
pod 
g 
a 2 





Le ee 


face mount lead configurations, 
gull wing, yoke lead or Z-bend. 
Right angle lead bends at 2.54 
mm (0.100 inch) and 5.08 mm 
(0.200 inch) center spacing are 
available for through hole 


mounting. 





Device Selection Guide 
Part Number: HLMP-XXxx 


DHAS | High <i 
Standard | AlGaAs | Efficiency 
Red Red Red __=s—+i| Orange | Yellow} | 
6000/6001} Q101 | 300 | Q400 6400 


| 6500__| Diffused 
Q105 6305 ro 6405 | 6505 Nondiffused, High Brightness 
Q150 7000 7019 7040 Diffused, Low Current 
















ae 6700 6800 Diffused, Resistor, 5 V, 10 mA 
| 6620 | | 6720 | 6820 __| Diffused, Resistor, 5 V, 4 mA 


| 6208 | | 6653 ae 6753 | 6853 3 Element 
sa ee a ee ed ey Diftsed 
[eos [| se || ore [Bement 





6858 8 Element 


Package Configuration Options 


Package 








Outline 










Package Configuration Description 
Gull Wing Lead, Tape and Reel?! 
012 | Gull Wing Lead, Bulk Packaging"! 


013 | Gull Wing Lead, Arrays, Shipping Tube 


021 | Yoke Lead, Tape and Reel?! 


011 








Surface Mount Lead 
Configurations 


Yoke Lead, Bulk Packaging®! 
031 | Z-Bend, Tape and Reel! 


032 | Z-Bend, Bulk Packaging™! | 


















1L1 | 2.54 mm (0.100 inch) | Long Leads; 10.4 mm (0.410 in.) 
Center Lead Spacing 

181 Short Leads; 3.7 mm (0.145 in.) | Right Angle Lead 

Bends for Through 

2L1 | 5.08 mm (0.200 inch) | Long Leads; 9.2 mm (0.364 in.) | Hole Mounting 
Center Lead Spacing 

281 Short Leads; 3.7 mm (0.145 in.) 

Notes 


1. Diffused lamps have tinted lenses. Nondiffused lamps have untinted lenses. | 

2. Lamps are supplied in 12 mm embossed tape on 178 mm (7 inch) diameter reels, with 1500 lamps per reel. Minimum order 
quantity and order increment are in quantity of reels only. 

3. Vapor barrier bags are used for bulk packaging. 
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Package Dimensions 
(A) Flat Top Lamps 











0.50 (0.020) REF. 


11.48 (0.452) 
11.18 (0.440) 


CATHODE 








BOTH SIDES Shee 
(% 
1¢ 0.46 (0.018) 
ANODE 056 (0.022) 
1.65 (0.065) 


DIA. 


1.91 (0.075) 0.25 (0.010) MAX. 


NOTE 2 
0.20 (0.008) MAX. 


NOTES: 
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD. 


(B) Diffused and Nondiffused 


0.50 (0.020) REF. 


11.43 (0.452) 
11.18 (0.440) 
BOTH SIDES 


ay 


CATHODE 















0.46 (0.018) 
ANODE 0.56 (0.022) 
1.91 (0.075) 0.25 (0.010) MAX. 
NOTE 2 


0.20 (0.008) MAX. 


NOTES: 
1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
2. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD. 


0.64 (0.025) 
0.76 (0.030) 







| 0.76 (0.030) MAX. 
| | 


0.18 (0.007) 1.91 (0.075) 
0.23 (0.009) 2.16 (0.085) 
0.18 (0.007) 
0.23 (0.009) 





1.91 (0.075) 





2.16 (0.085) 
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1.91 (0.075) 
2.41 (0.095) 


ATHODE 


n 
4 
= 
= 
[¢7) 
S 
3 








STRIPE 
2.08 (0.082) 
2.34 (0.092) 
0.76 (0.030) 
0.89 (0.035) * 0.94 (0.037) 


jng-1.24 (0.049) 







2.92 (0.115) 
MAX. 


CATHODE 
STRIPE 





2.08 (0.082) 


2.34 (0.092) 











_ 0.46 (0.018) 
0.56 (0.022) 


0.20 
7 ANODE 


(C) Arrays 


0.76 (0.030) 

0.89 (0.035) ° 11.48 (0.452) 
11.18 (0.440) 
BOTH SIDES 





NOTE 3 
0.25 (0.010) MAX. 






2.92 (0.115) 
.76 (0.030) MAX. MAX. 





+ 


1.91 (0.075) MAX. 


i (0.008) REF. oe : nn © 


CATHODE 


N [2.54 (0.100)} MAX. : | 
- NOTE2 
) STRIPE 


316 (0.085) CATHODE 









(0.065) 
(0.075) 








1.65 
1.91 


O 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. OVERALL LENGTH IS THE NUMBER OF ELEMENTS TIMES 2.54 mm (0.100 IN.). 
3. PROTRUDING SUPPORT TAB IS CONNECTED TO CATHODE LEAD. 


Package Dimensions, Lead Bend Options 
(D) Individual Lamp, Gull Wing Lead, Option 011 and 012 


CATHODE 







0.133 (0.005) R TYP. 
0.76 (0.030) 


MAX. 





3.81 (0.150) MAX. CATHODE 
0.13 (0.005) STRIPE 
MAX. , 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 


(E) Subminiature Array, Gull Wing Lead, Option 013 






0.13 (0.005) R TYP. 


3.81 (0.150) 
MAX. 





0.76 (0.030) MAX. 
0.13 (0.005) MAX. 





CATHODE STRIPE 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 
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(F) Individual Lamp, "Yoke" Lead, Options 021 and 022 


CATHODE 











s 
ANODE ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) s 
; = 
he 
0.33 (0.013) R. TYP. a 
3.45 a 
(0.136) —> 7) 
NOM. CATHODE 





0.13 (0.005) TYP. STRIPE 
1.07 (0.042) TYP. 


| 
0.78 (0.030) 
MAX. 





7.62 (0.300) MAX. 


(G) Individual Lamp, Z-Bend Lead, Options 031 and 032 


CATHODE 
STRIPE 






0.78 (0.030) MAX. 


CATHODE 








3.05 (0.120) 
NOM. 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 6.10 (0.240) 
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(H) Individual Lamp or Array, Rt. Angle Bend Option 1L1 





\ 


10.16 |(0.400) 
10.67 | (0.420) 
CATHODE STRIPE 2.54 (0.100) 


NOM. 


HED 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 


(1) Individual Lamp or Array, Rt. Angle Bend Option 181 


ry 
|_| aN 
CATHODE STRIPE 3.94 (0.155) 


2.54 (0.100) 
NOM. 


wo 
> 
o 
—, 
o 
= 
ow 
on 
~— 


| 
| 


© 
<4 


E 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 


(J) Individual Lamp or Array, Rt. Angle Bend Option 2L1 


‘ 





CATHODE STRIPE ( | 
C] | ‘ 5.08 (0.200) ; | 
NOM. 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 
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(K) Individual Lamp or Array, Rt. Angle Bend Option 281 





\ 


CATHODE STRIPE 






__ 5.08 (0.200) __ 
NOM. 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES) 


Package Dimensions: Surface Mount Tape and Reel Options 
(L) 12 mm Tape and Reel, Gull Wing Lead, Option 011 


CATHODE LEAD 


TOP TAPE 


PUSH PIN 
THROUGH 
#_ HOLE 





FEED DI » 
O DIRECTION NOTES: 


. EMPTY COMPONENT POCKETS SEALED WITH TOP COVER TAPE. 
GULL WING LEAD . 7 INCH REEL-1500 PIECES PER REEL. 


SUBMINIATURE LAMP 


arhon — 


. IN ACCORDANCE WITH ANSI/EIA RS-481 SPECIFICATIONS, THE 
CATHODE IS ORIENTED TOWARDS THE TAPE SPROCKET HOLE. 
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2) 
: 
3 
E 
a. 
= 
B 


. MINIMUM LEADER LENGTH AT EITHER END OF THE TAPE IS 500 mm. 
. THE MAXIMUM NUMBER OF CONSECUTIVE MISSING LAMPS IS TWO. 








(M) Array Shipping Tube, Gull Wing Lead, Option 013. 


5.33 
(0.210) 





< SUGGESTED TUBE FEED 
TUBE LABEL IDENTIFIES 


CATHODE SIDE OF ARRAYS. 









HEWLETT 
PACKARD 














NO. OF LAMP } QUANTITY 
ELEMENTS {OF ARRAYS 
PER ARRAY | PER TUBE 





53 
40 
32 
26 
20 





(N) 12 mm Tape and Reel, "Yoke" Lead, Option 021 


CATHODE LEAD 





TOP TAPE 








«FEED DIRECTION 


“YOKE” LEAD 
SUBMINIATURE LA 


NOTES: 

. EMPTY COMPONENT POCKETS SEALED WITH TOP COVER TAPE. 

. 7 INCH REEL-1500 PIECES PER REEL. 

. MINIMUM LEADER LENGTH AT EITHER END OF THE TAPE IS‘500 mm. 

. THE MAXIMUM NUMBER OF CONSECUTIVE MISSING LAMPS IS TWO. 

. IN ACCORDANCE WITH ANSI/EIA RS-481 SPECIFICATIONS, THE 
CATHODE IS ORIENTED TOWARDS THE TAPE SPROCKET HOLE. 
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CATHODE LEAD 


(O) 12 mm Tape and Reel, Z-Bend Lead, Option 


3-99 


FEED DIRECTION 
SUBMINIATURE LAMP 


WAU SAW AW, 


Z-BEND LEAD 









(P) 12 mm Tape and Reel 





DIMENSIONS PER ANSI/EIA 






STANDARD RS-481. 
ALL DIMENSIONS ARE IN 
USER OIRECTION OF FEED MILLIMETRES (INCHES). 


178.0 + 2.0 (7.0 +0.08) DIA. 


13.0 (0.512) DIA. TYP. 
1.55 (0.061 + 0.002) DIA. 
20.2 (0.795) DIA. MIN. 

1.75 + 0.1 (0.069) 


END a ——e om 
































NO 
COMPONENTS 


USER DIRECTION 
OF FEED 





COMPONENTS | COMPONENTS 










LABEL 
Ws THIS SIDE 
OF REEL 
TRAILER LEADER vec FTO COVER TAPE 
40 mm (1.57 in.) MIN 500 mm (19.7 in.) MIN -10 (0.004) MAX. 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): 
X +..4:.XX + 05 (.XXX + .004) 
REEL I 


D2 


a 










| CD Frese) 


sec varus 
Org amet 


CUSICR Pant teem 


Cin HEWLETT 


PACKARD 


OPERATOR 
HP PART NUMBER 
DATE CODE 


TAPING DATE... T 
ELEC. VALUE 

TOLERANCE 

QUANTITY 

CUSTOMER PART NUMBER ____ 
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Absolute Maximum Ratings at T, = 25°C 


DH AS | High High 
Standard } AlGaAs | Eff. Perf. 
Parameter Red Red Red | Orange | Yellow | Green | Units 
| DC Forward Current!”! art 


Peak Forward Current! 1000 e° 3 


ee ae ee ee 
| 50 | 80 | 30 | 380 | 
ee 
DC Forward Voltage Vv 
Gessortammoryy | | FS | | 8 | 
ar | [ao 
Mall Bl a el 







5 
= 





EB 







5 


Reverse Voltage (I, = 100 A) 
Transient Forward Current®! 
(10 ps Pulse) 
Operating Temperature Range: -55 to -20 to -55 to +100 -20 to 
Non-Resistor Lamps +100 +100 +100 


> 






Resistor Lamps -40 to +85 -20 to 
+85 


Storage Temperature Range -55 to +100 


Wave Soldering Temperature 260°C for 3 Seconds 
[1.6 mm (0.063 in.) from body] 


Surface Mount Reflow 
Soldering: 
Convective IR 















235°C for 90 Seconds 
215°C for 3 Minutes 





Vapor Phase 





Notes: 

1. See Figure 5 for current derating vs. ambient temperature. Derating is not applicable to resistor lamps. 

2. Refer to Figure 6 showing Max. Tolerable Peak Current vs. Pulse Duration to establish pulsed operating conditions. 

3. The transient peak current is the maximum non-recurring peak current the device can withstand without failure. Do not 
operate these lamps at this high current. 
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Electrical/Optical Characteristics, T, = 25°C 
Standard Red 


Device | | | 
HLMP- _ Parameter Symbol 

6000 

6001 | Luminous Intensity"! I, 
6203 to 

6208 


pa Forward Voltage : 
All : 










Test Conditions 


he | 
bt | or 
5 
° 
or 


a ca As 
wlan] o 





fount 
bo 





fund 
o>) 





Reverse Breakdown Vi 12.0. V = 100 nA 
Voltage 
Included Angle Between 125 





* ae 


| 65 
64 


Or 


bed 
le 


he || 
| Abe | 
a el 
a ae 
ad 
n [| | 


bo 
ml S 


Speed of Response 15 


Macaca Half Intensity Points! 
All 
Others . 
Peak Wavelength 
Dominant Wavelength®! 
Spectral Line Half Width 
All 


Thermal Resistance 
Luminous Efficacy!) Lon | 


I, = | 

Vy =U,r= 
°C/W | Junction-to-Cathode 
Lead | 
few] CS 





pont 
bo 
Q 
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DH AS AlGaAs Red 


Device 
HLMP- Parameter Symbol 


Q101 


Q105 Luminous Intensity 
ais0 
Q155 













Test Conditions 


V 


Oolo 
| & |S) S 
mi ola 
ololo 











5 
iw . 
a 
a 
Q 
=] 
ra) 
(72) 





P105/Q105 | Forward Voltage 
—— 155 


lon 
0 


P20 [4 
an 
aE: 

ane: 


le) | 
| c|ao!]o| & 


Reverse Breakdown 5.0 | 15.0 Vv 7 = 100uA 
Voltage 





Included Angle Between 
Half Intensity Points”! 


oS 
© 
oe) 


Q105/Q155 = 


_ 
ani 
Se a 
Dominant Waveleneta®™ [| 
ae 


fo) 
> 
On 





| nm | Measured at Peak 
mf 


Exponential Time 
Constant; e 
V, = 0; f= 1 MHz 


op) 
wy) J) 
we) 


Speed of Response —* 
a 
ay Junction-to 


Thermal Resistance 0 oN 
Cathode Lead 


i) 
to 
i) 
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High Efficiency Red 










Fo 
- 
FE 


Parameter 


Test Conditions 





as) 
Sh 


bak 
rae) 
ay 
rw] Y 
ml olo 














Luminous Intensity™ 


ade Coan Oe 
| 


V, = 5.0 Volts | 


joad 
io) 
or 
S 


Forward Current 
(Resistor Lamps) 






—_ 
bd 
Or 


Included Angle Between 20 
+ Half Intensity Points?! 


Peak Wavelength 
Dominant Wavelength"! 





Spectral Line Half Width | May 
sais of Response [a 
[Caasianee [0 


Thermal Resistance Opn 
Luminous Efficacy"! a 


ns ~ aa so 


om" 
bo 
om) 


3-104 











Device 
HLMP- Parameter Symbol 







Units Test Conditions 






I1,=10mA 


Measured at Peak 


Luminous Intensity 


Forward Voltage 
Reverse Breakdown Va 
Voltage 






7) 
1 

e 

e 


me OO | 
olo |o 


wo 
ron) 
o 
© 
Se) 


ul a 


we) 
—) 
° 


a 
fl 
“A 
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Included Angle Between 


—" 
bo 
Or 


Half Intensity Points?! 


Ed 
= ee 
Dominant Wavelength” || 
Spectral Line Halt Width | mi, | 
2 | 
ai Boe A 

ae 


Thermal Resistance R®, ow 


Luminous Efficacy! 


V,=0;f= 1 MHz 


reac to-Cathode 
Lead 


op) 
iN pat S 
rlafelalale 







bs 
i) 
© 


ie) 
1.) 
i) 
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Yellow 


| rm 
HLMP-. Parameter 

P305 — 
6700 


All Forward Voltage 
| (Nonresistor Lamps) 
6700 | 
6720 






- Test Conditions 


Units 












Luminous Intensity™ 


ae 
| V, = 5.0 Volts 

= 

ae 


~ es Ble 
oO bw o}r 
ew 
on) 


oo 
—) 
EGe 


I = 10mA 
I.=10mA | 


V,=5.0V> | 


Measured at Peak | 


V, = 0;f= 1 MHz 


Junction-to-Cathode 
Lead 


Forward Current 
(Resistor Lamps) 













a a ee 
a] oO ml RIL A!olo 


Reverse Breakdown. 
Voltage | 


| 2) 
ae te : 
— 





Al 
P305 
6405 Included Angle Between 
———j Half Intensity Points?! 
All 
Diffused 
Peak Wavelength 
Dominant Wavelength®! 


Spectral Line Half Width | AA, 





Or 
° 


o 
© 
gQ 















ea 


oe ele 


Pd 








Speed of Response 


pak 
ran J) 
so) 
| 


Capacitance 


Thermal Resistance RO, ow 


Luminous Efficacy! 
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EE 
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High Performance Green 


Device | 
Parameter | Symbol 


P505 
6500 | 
6505 
7040 
6800 
6820 


6853 to 
| 6858 


All Forward Voltage 
(Nonresistor Lamps) 


6800 


Units Test Conditions 


a 
: 






Luminous Intensity™ 


h = Flo; rk); Rr | re 
Or _) Qi f|dws; oO; © 
— 
oo on KS | oo Z 
rs =) SS 


—_ 
wo No 
oO (an) 


Forward Current 
6820 (Resistor Lamps) 


All Reverse Breakdown 
Voltage 


P505 


ef] ke 





a 
on 
on 
= 


ERR 
on 
= 
So 

/< 


6505 Included Angle Between 


bo 
ra 
o 
© 
va 


S 


Half Intensity Points?! 


2/8) 8 


Diffused 





—_ 
bo 


Or 
on) 
On 


Peak Wavelength 


Capacitance 


a 
: 


V,=0 f= 1 MHz 


Junction-to-Cathode 
Lead 


C 










Or 
S 
—_) 


Or 
—_ 
5 ® 


— ° 
| 






— 
do 
© 


| Thermal Resistance 


OU 
ie) 
Or 


Luminous Efficacy! 


Notes: 

1. The himinous intensity for arrays is tested to assure a 2.1 to 1.0 matching between elements. The average luminous intensity 

for an array determines its light output category bin. Arrays are binned for luminous intensity to allow I, matching between 

arrays. 

0,,. 8 the off-axis angle where the luminous intensity is half the on-axis value. 

. Dominant wavelength, 1,, is derived from the CIE Chromaticity Diagram and represents the single wavelength that defines 
the color of the device. | 

. Radiant intensity, I,, in watts/steradian, may be calculated from the equation I, =I,/n,, where I, is the luminous intensity in 
candelas and n, is the luminous efficacy in lumens/watt. 
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SOLID STATE LAMPS 












i | 
\ 1\, _-HIGH EFFICIENCY RED 
/ 
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| /\ 
2 IN \ rai 
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& Ney, / DH AS AlGaAs RED 
y 
500 550 600 “650 700 750 


WAVELENGTH — nm 


Figure 1. Relative Intensity vs. Wavelength. 


High Efficiency Red, Orange, 






























































































































‘Standard Red and DH AS Yellow, and High 
AlGaAs Red Performance Green 
100 
300.0 r 
piss Ween) emer (iar Gy Fy AS ceed | : 
f06'6 [ | storeof [7 | | HIGH PERFORMANCE GREEN 
= > 80 | ieee 
{ tf S 
a a ee ee a ae De ee I EFFICIENCY 
2 20.0 ee ee ee 2 eee ee ee 5 RED/ORANGE 
ar me ei! DH AlGaAs RED] cr 60 i ca 
Oo ES (TE CE OS EEL) SEE aon —t- +—f— 4 — 
5.0 -——_ mee ———— (3) 
z ————e ——— 2 YECEOW) 
one, ae eee eels Stel g cdl (ala fo 7 | 
> See a 5 ' ; 
2 1.0 i 9 
05 = == ' 2of}—+— é : 
_ i] = 
02 f= | | 
(en (ee ee As || 0 
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 1.0 2.0 3.0 4.0 5.0 
V;-— FORWARD VOLTAGE — V ; V_ — FORWARD VOLTAGE -V 
Figure 2. Forward Current vs. Forward Voltage (Non-Resistor Lamp). 
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Figure 3. Relative Luminous Intensity vs. Forward Current (Non-Resistor Lamp). 
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RELATIVE EFFICIENCY 
(NORMALIZED AT 10mA) 
—_ 
r=) 
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HER, Orange, Yellow, and High 
Performance Green 


HIGH EFFICIENCY 
RED/ORANGE 











“9 20 40 60 80 100 
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Figure 4. Relative Efficiency (Luminous Intensity per Unit Current) vs. Peak Current (Non-Resistor Lamps). 
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Figure 5. Maximum Forward de Current vs. Ambient Temperature. Derating Based on T, MAX = 110°C 
(Non-Resistor Lamps). 
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Figure 6. Maximum Tolerable Peak Current vs. Pulse Duration. (I, MAX as per MAX Ratings) (Non-Resistor 


Lamp 


8). 


3-109 















































lp — FORWARD CURRENT — mA 
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Figure 7. Resistor Lamp Forward Current vs. Forward Figure 8. Resistor Lamp Luminous Intensity vs, 
Voltage. Forward Voltage. 
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Figure 9. Relative Intensity vs. Angular Displacement. 
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High Efficiency Red/ 
High Performance Green 
Bicolor Solid State Lamps 


Technical Data 


Features: HER and Green can be 

e Two Color (Red, Green) generated by independently 
Operation pulse width modulating the 

¢ (Other Two LED Color LED chips. 


Combinations Available) Note: Other possible LED combinations 


e Three Leads with One available are AlGaAs, orange, yellow. 
Common Cathode 


¢ Diffused, Wide Visibility 





Lens 
Package Dimensions 
HLMP-4000 
Description roe 
The T-1 3/4 HLMP-4000 and ‘57 (0.180) 


2 mm by 5 mm rectangular 
HLMP-0800 are three leaded 
bicolor light sources designed 
for a variety of applications 
where dual state illumination is 
required in the same package. 













19 (0.362) 


8.43 (0.332 


— 


There are two LED chips, high pais 7) ia.028) 
efficiency red (HER), and high “MIN. etal 
performance green (Green), Pee 

mounted on a central common 0.508 (0.020) 


cathode lead for maximum on- 
axis viewability. Colors between 
1.27 (0.050) NOM. 


2.54 (0.100) NOM. 


GREEN 
ANODE 


FLAT INDICATES 


RED ANODE 
10 (0.240) 
RED (0.220) 
ANODE 


(SHORT 
LEAD) 


COMMON 
CATHODE 
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Lip HEWLETT 


PACKARD 





HLMP-4000 T-1 3/4 (5 mm) 
HLMP-0800 2 mm x 5 mm 
Rectangular 














HLMP-0800 
2.23 (0.088) 
1.98 (0.078) 
5.18 (0.204) 
4.93 (0.194) 
8.00 (0.315) 
7.37 (0.290) 
5.46 (0.215) 
4.98 (0.196) 
2.41 (0.095) 25.40 (1.00 COMMON 
2.03 (0.085) ayaa CATHODE 
0.508 (0.020) 
SQ TYP. 
1.27 (0.050) 
1.27 (0.050) NOM NOM 
SIDE VIEW — 2.54 (0.100) 
NOM 
GREEN 
ANODE 
RED 
ANODE 
(SHORT LEAD) COMMON 
CATHODE 
NOTES: 


1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1 mm 
(0.040) DOWN THE LEADS. 





s 
om 
Ee 
-"s 
pea 
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Sak 
oO 
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Absolute Maximum Ratings at T, = 25°C 





High Efficiency : 
Parameter Red/Green Units 
Average Forward Current!) (Total) a ee 


DC Current?) (Total) | mA | 


Power Dissipation®=®! (Total) 13 


Operating Temperature Range -20 to +85 


Storage Temperature Range -55 to +100 


Transient Forward Current®! 
(10 usec Pulse) 


Lead Soldering Temperature | 
[1.6 mm (0.063 in.) below 260°C for 5 seconds 
seating plane] 7 


Notes: . 

See Figure 5 to establish pulsed operating conditions. ' 

The combined simultaneous current must not exceed the maximum. 

The combined simultaneous power must not exceed the maximum. 

For HER and Green derate linearly from 50°C at 0.5 mA/°C. 

For HER and Green derate linearly from 25°C at 1.8 mW/°C. 

The transient peak current is the maximum non-recurring current that can be 

_ applied to the device without damaging the LED die and wirebond. It is not 
recommended that the device be operated at peak currents beyond the peak 
forward current listed in the Absolute Maximum Ratings. 


O> OV OO BO 
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Electrical/Optical Characteristics at T, = 25°C 


l Luminous Intensity 
| HLMP-4000 
HLMP-0800 


ho 


n 
= 
s 
= 
b 
=| 
B 





I, = 100 pA 
Junction to 
Cathode Lead 


Included Angle Between 


Half Luminous 
Intensity Points?! 


HLMP-4000 





Notes: 

1. The dominant wavelength, 1,, is derived from the CIE chromaticity diagram and represents the single wavelength which 
defines the color of the device. 

2. 0,,. is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

3. Radiant intensity, I, in watts steradian, may be found from the equation I, = I/n, where I, is the luminous intensity in 
candelas and n, is the luminous efficacy in lumens/watt. 


HIGH 

PERFORMANCE GREEN 
HIGH 
EFFICIENCY RED 


RELATIVE INTENSITY 





Figure 1. Relative Intensity vs. Wavelength. 
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HIGH EFFICIENCY RED 





EFFICIENCY RED z= 
net HLMP-0800| 


Beh bed aad MANCE 


HLMP-0800 
BOTH COLORS 


Ig — FORWARD CURRENT — mA 
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Ve — FORWARD VOLTAGE - Vv 
Figure 2. Forward Current vs. Figure 3. Relative Luminous Figure 4. Relative Efficiency 
Forward Voltage Characteristics. Intensity vs. DC Forward Current. (Luminous Intensity per Unit 


Current) vs. LED Peak Current. 
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RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 
























































ie 
z/Z 
“jz 
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. tp — PULSE DURATION — us 
Figure 5. Maximum Telerable Peak Current Figure 6. Relative Luminous Intensity vs. angular 
vs. Pulse Duration (I, MAX as per MAX neem for the HLMP-4000. 
Ratings. 
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Figure 7. Relative Luminous Intensity vs. Angular 
Displacement for the HLMP-0800. 
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INTEGRATED RESISTOR LAMPS 
Kip HEWLETT 5 Volt and 12 Volt 


PACKARD in T-1 and T-1 3/4 Packages 





Features 


e INTEGRAL CURRENT LIMITING RESISTOR 


e TTL COMPATIBLE 
Requires no External Current Limiter with 
5 Volt/12 Volt Supply 

e COST EFFECTIVE 
Saves Space and Resistor Cost 

e WIDE VIEWING ANGLE 

e AVAILABLE IN ALL COLORS 
Red, High Efficiency Red, Yellow and 
High Performance Green in T-1 and 
T-1 3/4 Packages 


: 
5 
= 
< 
th 
2 
a 
oO 
a 





Description 


The 5 volt and 12 volt series lamps contain an integral cur- The green devices use GaP on a GaP substrate. The dif- 
rent limiting resistor in series with the LED. This allows the fused lamps provide a wide off-axis viewing angle. 


lamp to be driven from a 5 volt/12 volt source without an The T-1 3/4 lamps are provided with sturdy leads suitable 


external current limiter. The red LEDs are made from for wire wrap applications. The T-1 3/4 lamps may be front 
GaAsP on a GaAs substrate. The High Efficiency Red and panel mounted by using the HLMP-0108 clip and ring. 


Yellow devices use GaAsP on a GaP substrate. 


| P/N Operating | Package 
Color HLMP- | Package Voltage 
1100 T-1 Tinted Diffused — 
1120 T-1 Untinted Diffused 


3105 

3112 

1600 
High T-1 Tinted Diffused 

1601 


3600 


Red T-1 3/4 Tinted Diffused 
3601 
1620 
T-1 Tinted Diffused 
a | 1621 
ellow 
3650 
| 3650 _ T-1 3/4 Tinted Diffused 
3651 
T-1 Tinted Diffused 
-1 Tinted Diffuse 
High 1641 
Performance aEeO 
Green T-1 3/4 Tinted Diffused 
3681 
Notes: 


1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


T-1 3/4 Tinted Diffused 


Efficiency 
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Absolute Maximum Ratings at Ta = 25°C 


ies [Rc [ate [le 
5 Volt Lamps 12 Volt Lamps 5 Volt Lamps 12 Volt Lamps 
Operating Temperature Range -20°C to 85°C 
Storage Temperature Range —55° C to 100°C 


Notes: | 7 ye ae « 
2. Derate from Ta = 50°C at 0.071V/°C, see Figure 3. 
3. ‘Derate from Ta = 50°C at 0.086V/°C, see Figure 4. 


Electrical/Optical Characteristics at Ta = 25°C 


hacia | 


Peak Wavelength 
Dominant Wavelength 


AA1/2 Spectral Line 
Halfwidth | 
Thermal Resistance | °C/W] Junction to Cathode 
. Lead (Note 6) 
Thermal Resistance °C/W] Junction to Cathode 
Lead (Note 7) 
Forward Current 12 V . 20 . 
Devices 





















Luminous Efficacy 


IF Forward Current 5 V mA 
Devices | 
VR Reverse Breakdown | 5.0 

Voltage 

























Notes: 

4. The dominant wavelength, Ag, is derived from the CIE equation le = Iv/nv. Where lv is the luminous intensity in 
chromaticity diagram and represents the single wavelength candelas and nv is the luminous efficacy in lumens/watt. 
which defines the color of the device. 6. For Figure A package type. 

5. Radiant intensity, le, in watts/steradian, may be found from the 7. For Figure B package type. — 

18 (125) 
287 (108) igs ; ae a7 (160) 
3.43 (.135) 
6.35 (.250) 2701189) | 89 (.035) a3 (232 
5.58 (.220) 4.19 (.165) ne (Bey 64 (.025) 
| 
1.02 (.040) | t 
NOM. a 
1.32 (.052) 
"1.02 (.040) 
siete ite ican SGUARES 
NOMINAL 
0.45 (.018) 


SQUARE NOMINAL 


MIN 
ATHODE 1.27 (.050) 
Cc le} NOM. 


1.27 (.050) 
NOM. | 
=4] les 2.54 (0.100) NOMINAL , 


6.1 (.240) 
5.6 (.220) 





NOTES: : 
1, ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). Ee! 
2. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm 

(.040) DOWN THE LEADS: 


Figure A. T-1 Package | Figure B. T-1 3/4 Package 


2.54 (.100) NOM. 
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Figure 1. Forward Current vs. Applied Forward Voltage. 5 Volt Figure 2. 


Devices 


Vcc — APPLIED FORWARD VOLTAGE — V 
Vec — APPLIED FORWARD VOLTAGE — V 





40 60 


Ta — AMBIENT TEMPERATURE ~— °C 


Figure 3. Maximum Aliowed Applied Forward Voltage vs. 
Ambient Temperature R6j,q = 175° C/W. 5 Volt 
Devices 








Figure 5. Relative Luminous Intensity vs. Angular Displacement 
for T-1 Package 
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Vec — APPLIED FORWARD VOLTAGE — V 


Forward Current vs. Applied Forward Voltage. 12 Volt 
Devices 
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Ta — AMBIENT TEMPERATURE — °C 


Figure 4. Maximum Allowed Applied Forward Voltage vs. 


Ambient Temperature R6jq = 175° C/W. 12 Volt 
Devices 














Figure 6. Relative Luminous Intensity vs. Angular Displacement 
for T-1 3/4 Package 
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Figure 7. Relative Luminous Intensity vs. Applied Forward Figure 8. Relative Luminous Intensity vs. Applied Forward 
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Features 


e¢ COMPATIBLE WITH RADIAL LEAD 
AUTOMATIC INSERTION EQUIPMENT 


e MEETS DIMENSIONAL SPECIFICATIONS OF 
IEC PUBLICATION 286 AND ANSI/EIA 
STANDARD RS-468 FOR TAPE AND REEL 


e REEL PACKAGING SIMPLIFIES HANDLING 
AND TESTING 


e T-1 AND T-1 3/4 LED LAMPS AVAILABLE 
PACKAGED ON TAPE AND REEL 


e 5 mm (0.197 INCH) FORMED LEAD AND 
2.54 mm (0.100 INCH) STRAIGHT LEAD 
SPACING AVAILABLE 


Description 


T-1 and T-1 3/4 LED lamps are available on tape and reel 
as specified by the IEC Publication 286 and ANSI/EIA 
Standard RS-468. The Option 001 lamp devices have 
formed leads with 5 mm (0.197 inch) spacing for automatic 
insertion into PC boards by radial lead insertion equip- 
ment. The Option 002 lamp devices have straight leads 
with 2.54 mm (0.100 inch) spacing, packaged on tape and 
reel for ease of handling. T-1 lamps are packaged 
1800/reel. T-1 3/4 lamps are packaged 1300/reel. 


Ordering Information 


To order LED lamps packaged on tape and reel, include 
the appropriate option code along with the device catalog 
part number. Example: to order the HLMP-3300 on tape 
and reel with formed leads (5 mm lead spacing) order as 
follows: HLMP-3300 Option 001. Minimum order quantities 
vary by part number. Orders must be placed in reel incre- 
ments. Please contact your local Hewlett-Packard sales 
office or franchised Hewlett-Packard distributor for a 
complete list of lamps available on tape and reel. 


LED lamps with 0.46 mm (0.018 inch) square leads with 5 
mm (0.197 inch) lead spacing are recommended for use 
with automatic insertion equipment. It is suggested that 
insertion machine compatibility be confirmed. 


Leads: 


TAPE AND REEL SOLID STATE LAMPS 


5mm (0.197 inch) Formed Leads — OPTION 001 
2.54mm (0.100 inch) Straight Leads — OPTION 002 








Device Selection Guide 


Tape and reel, 5 mm (0.197 inch) formed leads. 








Tape and reel, 2.54 mm (0.100 inch) straight 
leads. 


Quantity/Reel Order Increments 
T-1 1800 1800 | 
T-1 3/4 1300 1300 


Absolute Maximum Ratings 
and Electrical/Optical 
Characteristics 


The absolute maximum ratings, mechanical dimension 
tolerances and electrical/optical characteristics for lamps 
packaged on tape and reel are identical to the basic 
catalog device. Refer to the basic data sheet for the speci- 
fied values. 





Notes: 

1. Minimum leader length at either end of tape is 3 blank part 
spaces. 

2. Silver saver paper is used as the interlayer for silver plated 
lead devices. 

3. The maximum number of consecutive missing lamps is 3. 

4. In accordance with EiA and IEC specs, the anode lead 
leaves the reel first. 

5. Drawings apply to devices with 0.46 mm (0.018 inch) square 
leads only. Contact Hewlett-Packard Sales Office for dimen- 
sions of 0.635 mm (0.025 inch) square lead devices. 
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Tape and Reel LED Configurations 














CATHODE 



































Figure 7. T-1 3/4 Low Profile Lamps, Option 001 | Figure 8. T-1 3/4 Low Profile Lamps, Option 002 
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Dimensional Specifications for Tape and Reel 


4.70 (0.185) 
3. 8 3.18 (0.125) 735) 
3. 7 7 a 
3.23 0.127) 
3.05 (0.120) 
9. oi a on 
8.43 (0.332) 
5.08 5.08 (0.200) — 
6. EO 7 on 
5 08 9.08 (0.200) 200 


Item Option 001 002 
T1 High Profile 

Body Height 

Body Diameter 


Component Height 


T1 Low Profile 
Body Height 
Body Diameter 


Component Height 


T1-3/4 High Profile 
Body Height 
Body Diameter 


Component Height 
T1-3/4 Low Profile 


Body Height 
Body Diameter 





Component Height a7 4 - a 
Square Lead 
Pitch of component 13.7 ( 0. 539) | 
11.7 0.461) 
12.5 (0.492) 1.0 mm/20 pitches 


P 


4.55 (0.179) Measure at crimp 


Feed hole center to lead center 
: 3.15 (0.124) bottom. 5.78/3.68 


Hole center to component center 
Lead to lead distance 


COMpOnENL alignment, front-rear 


Total tape thickness 


(0.227/0.1448) for straight 
leads 


5.35 (0.211) 35 (0. 21 1) 
4.90 (0.193) 00 S. 793) straight leads. 





18. 5 oe 728) 
17.5 (0.689) 
15.3 (0.602) 
14.7 (0.579) 
9.75 (0.384) 
8.50 (0.335) ; sn 


|e 
0. 90 () 036) Paper thickness: 
0.50 (0.020) 0.55 (0.022) _. 





0.45 (0.018) 


Length of snipped lead 





Note: 
1. Dimensions in millimetres (inches), maximum/minimum. 
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Figure 9. Front to Rear Alignment F = 100g MIN. APPLIED | Fe 500g MIN. APPLIED ’  F=70g MIN. APPLIED 





FOR 3+ 1 SEC. ' FOR 3+ 1SEC. FOR 3+ 1 SEC. 
and Tape Thickness, Typical | 
All Device Types sity Figure 10. Device Retention Tests and Specifications 
42.0 
(1.654) 
49.0 . ANODE LEAD LEAVES 
(2.047) ADHESIVE TAPE IS FACING THE REEL FIRST. 


THE OUTSIDE OF THE REEL. 











2.0 
(0.079) 
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OPERATOR 
HP PART NUMBER 
DATE CODE 
TAPING DATE 
ELEC. VALUE 
TOLERANCE 
QUANTITY 
CUSTOMER PT. NO. 





REELING ORIENTATION . PROTECTIVE 
CLOCKWISE CARDBOARD 






Figure 11. Reel Configuration and Labeling 
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Features 


e IDEAL FOR CARD EDGE STATUS INDICATION 

e PACKAGE DESIGN ALLOWS FLUSH SEATING 
ON A PC BOARD 

e MAY BE SIDE STACKED ON 6.35 mm (0.25”) 
CENTERS 

e LEDs AVAILABLE IN FOUR COLORS, WITH OR 
WITHOUT INTEGRATED CURRENT LIMITING 
RESISTOR IN T-1 3/4 TINTED DIFFUSED 
PACKAGES 

e ADDITIONAL CATALOG LAMPS AVAILABLE AS 


OPTIONS 


Description 


The T-1 3/4 Option 010 and 100 series of Right Angle 
Indicators are industry standard status indicators that 
incorporate a tinted diffused T-1 3/4 LED lamp in a black 
plastic housing. The indicators are available in standard 
Red, High Efficiency Red, Yellow, or High Performance 


Package Dimensions 







emer 








NOTE 2 
DESIGNATES CATHODE 


2.54 (0.100) 
NOM. 





OPTION NO. | CATHODE LEAD| ANODE LEAD 
LENGTH LENGTH 
4.70 (0.185) 
3.68 (0.145) 


20.32 (0.800) 1.27 (0.050) 
MIN. NOM. LONGER 
THAN CATHODE 


3/4 (5mm) LED RIGHT ANGLE 
INDICATORS 


OPTION - 010 
OPTION - 100 


2) 
5 
uJ 
nk 
a 
= 
B 





Green with or without an integrated current limiting 
resistor. These products are designed to be used as back 
panel diagnostic indicators and card edge logic status 
indicators. 





4.70 (0.185) SHEARED 
3.68 (0.145) EVEN LEADS 


UNSHEARED 


UNEVEN LEADS 












NOTES: 


ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
LEAD WIDTH MAY BE 0.45 (0.018) OR 0.64 (0.025) 
SQUARE NOMINAL DEPENDING UPON PRODUCT 
TYPE. 

. OPTION 100 IS AVAILABLE FOR LONGER LEADS. 


- 9.27 
8.76 


en. 


1. 
2. 


0.365 


0.345 


~—— 
pane Pout 


70 ( 
( 


° 





4.70 (0.185) 
3.94 (0.155) 


€ 


TT 


SEE TABLE 


PATENT PENDING 5.33 (0.210) 


REF. 


[e 


3-123 





Ordering Information — 
To order T-1 3/4 high dome lamps in addition to the parts 


indicated above, select the base part number and add the 
option code 010 or 100. For example: HLMP-3750-010. 


All Hewlett-Packard T-1 3/4 high-dome lamps_ are 
available in right angle housing. Contact your local 
Hewlett-Packard Sales Office or authorized components 
distributor for additional ordering information. . 
The. Plastic right angle housing may be purchased sep- 
arately as part number HLMP-5029. 


‘Absolute Maximum Ratings 


and Electrical/Optical 
Characteristics : 


The absolute maximum ratings and device characteristics 
are identical to those of the T-1 3/4 LED lamps. For infor- 
mation about these characteristics, see the data sheets of 
the equivalent T-1 3/4 LED lamp. 
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Features 


IDEAL FOR CARD EDGE STATUS INDICATION 


e PACKAGE DESIGN ALLOWS FLUSH SEATING ON A 
PC BOARD 

e MAY BE SIDE STACKED ON 4.57 mm (0.18 in) 
CENTERS 

e UP TO 8 UNITS MAY BE COUPLED FOR A 
HORIZONTAL ARRAY CONFIGURATION WITH A 
COMMON COUPLING BAR (SEE T-1 RIGHT ANGLE 
ARRAY DATA SHEET) 

e LEDs AVAILABLE IN ALL LED COLORS, WITH OR 
WITHOUT INTEGRATED CURRENT LIMITING 
RESISTOR IN T-1 PACKAGES 
EASY FLUX REMOVAL DESIGN 
HOUSING MATERIAL MEETS UL 94V-0 RATING 

e ADDITIONAL CATALOG LAMPS AVAILABLE AS 
OPTIONS 


Description 


Hewlett-Packard T-1 Right Angle Indicators are industry 
standard status indicators that incorporate a tinted diffused 
T-1 LED lamp in a black plastic housing. The indicators are 
available in Standard Red, High Efficiency Red, Orange, 
Yellow, and High Performance Green, with or without an 
integrated current limiting ‘resistor. These products are 
designed to be used as back panel diagnostic indicators 
and card edge logic status indicators. 


Ordering Information 


To order other T-1 High Dome Lamps in Right Angle 
Housings in addition to the parts indicated above, select the 
base part number and add the option code 010 or 101, 
depending on the lead length desired (see drawing below). 


Package Dimensions 









2.41 (0.095) 
REF. 
6.43 (0.253) 
3.68 (0.145) : 
3.18 (0.125) DIA. 
7.44 (0.293) 
5.21 (0.205) 7.29 (0.287) 





CATHODE 
| | SEE TABLE 
| 


| A 1.27 (0.050) 
NOM. 


2.54 (0.100) | 
NOM. 


4.70 (0.185) 
REF. 





| 0.45 (0.018) 


SQUARE NOM. 


T1 (3MM) RIGHT ANGLE 
LED INDICATORS 


OPTION - 010 
OPTION - 101 





For example, by ordering HLMP-1302-010, you would 
receive the long lead option. By ordering HLMP-1302-101, 
you would receive the short lead option. . 


Arrays made by connecting two to eight single Right Angle 
Indicators with a Common Coupling Bar are available. 
Ordering information for arrays may be found on the T-1 
Right Angle Array data sheet. 

The above data sheet information is for the most commonly 
ordered part numbers. Refer to other T-1 base part number 
specifications in this catalog for other lamp types that may 
be ordered with the right angle option. 


Absolute Maximum Ratings 
and Other Electrical/Optical 
Characteristics 


The absolute maximum ratings and typical device charac- 
teristics are identical to those of the T-1 LED lamps. For 
information about these characteristics, see the data sheets 
of the equivalent T-1 LED lamp. 


.27 (0.247) 4.65 (0.183) 
MAX. 





OPTION NO. | CATHODE LEAD} ANODE LEAD © 
LENGTH LENGTH 
18.03 (0.710) 1.27 (0.050) UNSHEARED 
MIN. NOM. LONGER | UNEVEN LEADS 
THAN CATHODE 
SHEARED 
EVEN LEADS 


NOTE: ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
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Features 

e IDEAL FOR PC BOARD STATUS INDICATION 
© STANDARD 4 ELEMENT CONFIGURATION 

e EASY HANDLING 

e EASY FLUX REMOVAL 


e HOUSING MEETS UL 94V-O FLAMMABILITY 
SPECIFICATIONS 


e OTHER CATALOG LAMPS AVAILABLE 


Description 


These T-1 right angle arrays incorporate standard T-1 lamps 
for a good balance of viewing angle and intensity. Single 
units are held together by a plastic tie bar. The leads of 
each member of the array are spaced on 2.54 mm (0.100 in) 
centers. Lead spacing between adjacent lamps in the array 
is on 2.03mm (0.080in) centers. These products are 
designed to be used as back panel diagnostic indicators 
and logic status indicators on PC boards. 


Package Dimensions _ 


SEE TABLE 


3.68 (0.145) 
3.18 (0.1750 
(HOLE DIAMETER) 











© 


owt 


_ 
CO} | & 
oO} @) 
“I ] ®] 
on | as 
o|o 
oO 

ny 

oe 
— | 


2 


18.16 (0.715) 


am 





NOTE: ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). | 





; 8.64 (0.340) 
21 (0.205). 8:13 (0.320) 
3.43 (0.135) 
7. | MIN. 


—— CATHODE 
2.54 (0.100) | 
NOMINAL 7 2.03 (0.080) 
NOMINAL 
OPTION NO.| ARRAY LENGTH | OPTION NO.| ARRAY LENGTH | OPTION NO.| ARRAY LENGTH 


9.65 (0.380) #705 23.14 (0.911) #108 36.70 (1.445) 
8.79 (0.346) 2.73 (0.89 36.45 (1.435) 


n 


2n71 — 


2.28 (1.271 
31.88 (1.255) 


@ 


h/ 
NI 
@ly 
~~ 
=| 
a\2 
Ci] as 
dl ll 


ind 
~ 
N 


#107 


ANGLE ARRAYS} 103 105. 107 











Ordering Information 


Use the option code 102 through 108 in addition to the 
base part number to order these arrays. Arrays from 2 to 8 
elements in length and special lamp color combinations 
within an array are available. Please contact your nearest 
Hewlett-Packard Components representative for ordering 
information on these special items. 


o 
> 


3 (0.263) 
.27 (0.247) 








fo] 


2.41 (0.095) 
REF. 





4.70 (0.185) 


REF: 0.45 (0.018) 


SQUARE NOM. 





~ 
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Features 
¢ IDEAL FOR PC BOARD STATUS INDICATION 


e SIDE STACKABLE ON 2.54 mm (0.100 in) 
CENTERS 


e AVAILABLE IN FOUR COLORS 


¢ HOUSING MEETS UL 94V-O FLAMMABILITY 
SPECIFICATIONS 


e ADDITIONAL CATALOG LAMPS AVAILABLE AS 
OPTIONS 


Description 


The Hewlett-Packard series of Subminiature Right Angle 
Indicators are industry standard status indicators that 
incorporate tinted diffused LED lamps in black plastic 
housings. The 2.54mm (0.100 in) wide packages may be 
side stacked for maximum board space savings. The silver 
plated leads are in line on 2.54mm (0.100 in) centers, a 
standard spacing that makes the PC board layout straight- 
forward. These products are designed to be used as back 
panel diagnostic indicators and logic status indicators on 
PC boards. 


Ordering Information 


To order Subminiature Right Angle indicators, order the 
base part number and add the option code 010. For price 


Package Dimensions 





9 (0.094) 0.76 








ola 





SUBMINIATURE LED 
RIGHT ANGLE INDICATORS 


RED HLMP-6000-010 

HIGH EFFICIENCY RED HLMP-6300-010 
YELLOW HLMP-6400-010 

GREEN HLMP-6500-010 
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and delivery on Resistor Subminiature Right Angle Indicators 
and other subminiature LEDs not indicated above, please 
contact your nearest H.P. Components representative. 


Absolute Maximum Ratings 
and Other Electrical/Optical 
Characteristics 


The absolute maximum ratings and typical device charac- 
teristics are identical to those of the Subminiature lamps. 
For information about these characteristics, see the data 
sheets of the equivalent Subminiature lamp. 


=S = 3 0, 




















(0.050) 
(0.030) 
6.60 (0.260) 
6.10 (0.240) 
CATHODE 
14 (0.04 
89 (0,036) 0. — (0. oa) 
2.54 (0: 100) NOM. 


NOTE: ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
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CLIP AND RETAINING 

RING FOR PANEL 
MOUNTED T1 3/4 LEDs 
OPTION 009 (HLMP-0103) 
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Description | NOTES: 1. DIMENSIONS IN SSO (INCHES). 


The Option 009 (HLMP-0103) is a black plastic 
mounting clip and retaining ring. It is designed to 
panel mount Hewlett-Packard Solid State high pro- 
_ file T-1 3/4 size lamps. This clip and ring combin- 
ation is intended for installation in instrument 
panels from 1.52mm (.060”) to 3.18mm (.125”) 





thick. For panels greater than 3.18mm (.125”) . | shied & le — 6.73 (.265) DIA. — 

counterboring is required to the 3.18mm (.125”) sa (206) - 9.53 (.375 ) DIA. —- 
. : DIA. 

thickness. . 


8.00 (.315) DIA. 


RETAINING 
RING 


CLIP 


Mounting Instructions 


1. Drill an ASA C size 6.15mm (.242”) dia. 
hole in the panel. Deburr but do not 
chamfer the edges of the hole. 


2. Press the panel clip into the hole from 
the front of the panel. 


3. Press the LED into the clip from the 
| back. Use blunt long nose pliers to push : 
on the LED. Do not use force on the 
LED leads. A tool such as a nut driver 
may be used to press on the clip. 


Note: Clip and retaining ring are also available 
for T-1 package, from a non-HP source. Please 
contact Interconsal Association, 2584 Wyandotte 
Way, Mountain View, CA for additional 
information. PLIERS NUT DRIVER 


4. Slip a plastic retaining ring onto the back 
of the clip and press tight using tools such 
as two nut drivers. 


Ordering Information 


T- 13/4 High Dome LED Lamps can be purchased | 
to include clip and ring by adding Option Code 009 
to the device catalog part number. 





NUT DRIVER NUT DRIVER 
Example: 


To order the HLMP-3300 including clip and 
ring, order as follows: HLMP-3300 Option 009. 
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Hermetic Lamps 


In addition to Hewlett-Packard 
commercial solid state lamps, 
Hewlett-Packard offers a 
complete line of hermetically 
sealed solid state lamps which 
are listed on MIL-S-19500 
Qualified Parts List. For 
applications where suppression 
of infrared (IR) emission is 
essential, [R-secure indicators, 
which conform to the Defense 
Electronics Supply Center 
(DESC) Selected Item Drawing 
87019 are also available. 


Hewlett-Packard offers the 
following families of military 
grade hermetic and panel 
mount hermetic LED lamps, hi- 





rel screened to military 
specifications: 


¢ IR Secure panel mount lamps, 
designed and screened to 
meet the requirements of 
DESC Drawing 87019. 


e JAN and JANTX hermetic 
and panel mount hermetic 
lamps, screened to the 
requirements of MIL-S- 19500 
slash sheet specifications and 
listed on the MIL-S-19500 
Qualified Parts List (QPL). 


e Ultrabright hermetic and 


ultrabright panel mount 
hermetic lamps screened to 


3-130 


the JAN and JANTX 
requirements of MIL-S-19500. 


These military grade hermetic 
and panel mount hermetic 
lamps are produced and hi-rel 
screened at Hewlett-Packard's 
DESC qualified facilities, 
approved to the requirements of 
MIL-S-19500 and MIL-STD- 
750. 


The applicable MIL-S-19500 or | 
DESC 87019 screening tables 
are detailed on each hermetic 
lamp data sheet. 


IR Secure, Hermetically Sealed LED Lamps, DESC Approved 


87019G01""! | Green | Panel Mount 
(567 nm) | Version 


Glass 
0.3% IR 
(620 nm to 
930 nm) 


Glass 
0.2% IR 
(675 nm to 
930 nm)! 


Panel Mount 
Version 


Yellow 
(585 nm) 


| 8701901"! 


1. Military approved to DESC Drawing 87019. 


2. Percent radiometric power emission between specified wavelengths as compared to the radiometric power between 350 nm and 
930nm. 


Notes: 


Bold Type — New Product 
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Typical 
Luminous 
intensity 


Typical 
Forward | Page 
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Device” . | Typical 
Package 7 | | | inous __| Forward | Pay 
Outline Drawing 3S sd : | Len 1/2 | Voltage | No. 
1N5765 
JAN1N5765¢" 
JANTX1N5765!" | 





1N6092 
JANIN6092" | 
JANTX1N6092I'I 


1N6093 Yellow 
JAN1N6093"") Diffused 
JANTX1N6093!" | 


1N6094 Green mn Green 
JAN1N6094"" — | (570 nm) Diffused 
JANTX1N6094!"! 


HLMP-0904 “1 Red | Panel Mount | Red ; 
HLMP-0930 Version Diffused 
HLMP-0931 


HLMP-0354 
JANM19500/ 
51901"! 
JTXM19500/ 
51902!" 


HLMP-0454 Yellow 
JANM19500/ Diffused 
52001! 
JTXM19500/ 
52002!" 


HLMP-0554 Green 
JANM19500/ Diffused 
521011! 
JTXM19500/ 
521021") 


Note: 
1. Military qualified and listed on the MIL-S-19500 Qualified Parts List (QPL). 
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Hermetically Sealed JAN Qualified Ultra-Bright LED Lamps 


Description 
Luminous 
Package Outline Drawing | parto. | Color | Package | Lens Intensity | 20 1/2 


1N6609 Hermetic Clear 50.0 mcd 20V {3-153 
JANIN6609") | Efficiency} T0-18" Glass {| @20mA @20mA 
| | | 50.0 mcd 2.0V 
@ 20 mA @ 20 mA}: | 
Green 50.0 mcd 2.1V 
@25mA @25mA 


JANTX1N6609! 
(570 nm) 

Clear 50.0 mcd 2.0 V 

Glass @ 20 mA @20mA 
50.0 mcd 
@ 20 mA 
50.0 mcd 2.1V 
@25mA @25mA 










Typical 


























1N6610 
JAN1N6610! 
JANTX6610" 











1N6611 
JAN1N6611!") 
JANTX6611!"! 


& 
3 
4 
ti 
g 
= 










HLMP-0364 
JANM19500/ 
51903! 
JANTXM19500/ | (626 nm) 
51904!"! 


Panel Mount 
Version 













HLMP-0464 
JANM19500/ 
520031 
JANTXM19500/ 
520041"! 



















HLMP-0545 
JANM19500/ 
52103"! 
JANTXM19500/ 
52104!) 


Green 
(570 nm) 






Notes: 
1. Military qualified and listed on theMIL-S-19500 Qualified Parts List (QPL). 


Bold Type — New Product 
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IR Secure, Hermetic, Panel 
Mount Solid State Lamps _ 
DESC Approved aa 


Technical Data 


e Choice of Colors. 
567 nm Green 
585 nm Yellow " 

¢ Panel Mount Package 
Exceeds the Sealing Require- 


Features = 

¢ Designed for IR Secure 
Lighting Applications 

¢ Conforms to Requirements 


ODES ee oe ments of MIL-L-3661 
100% Screening ; 
ae Solder Dipped Leads, __. 
¢ Integral Glass NVG Filter Electrically Isolated from 
with Antireflection Coating Package 


Suppresses IR Emissions ¢ Low Power Operation 


| assembling true hermetic solid 


HEWLETT 
PACKARD 


= 


87019G01 Green. 


-87019Y01 Yellow 





at all Viewing Angles ; state lamps into panel mount- 
Green: 0.3%IR(620nmto ° IC Compatible able aluminum sleeves. They are 
930 nm)! ee aa ee : produced on Hewlett-Packard's 
Yellow: 0.2%IR(675nmto § Description _ 3 ~ hermetic lamp line which has 
~ 930 nm) The 87019G01 high performance been approved and qualified by 
¢ True Hermetic LED Lamp = 8Teen and 87019Y01 yellow front the Defense Electronics Supply 
Identical in Design to panel mountable LED indicators Center (DESC) to the require- 


-eonform to the requirements of 
the DESC Selected Item Draw- 
ing 87019 and are designed for 
use in infrared (IR) secure 
lighting applications. These 
devices are constructed by 


ments of MIL-S-19500 and MIL- 
STD-750. An integral night 
vision goggle (NVG) filter 
mounted within the collar of 
each sleeve provides suppression 
of IR emissions. 


Typical Suppressed 
IR Emission 
0.3% IR (620 nm to 930 nm)"! 
0.2% IR (675 nm to 930 nm) 


MIL-S-19500/520/521 
Produced and Tested in a 
DESC Qualified Facility 









Lamp Selection Guide 
I, (10 mA) 


DESC Part 
Number Color (Ad) Typ (med) 


gvoisGor_| Green| 87mm | 20 


Note: 
1. Percent radiometric power emission between specified wavelengths as compared to the radiometric power between 350 nm 
and 930 nm. 
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Absolute Maximum Ratings at T, = 25°C 


Green Yellow 
Parameter 87019G01 | 87019Y01 | Units 


0 


Power Dissipation 


| DC Forward Current!!! 
90 
30 


Peak Forward Current 


Average Forward Current | 380 
Operating and Storage | 

Temperature Range -55°C to +100°C 

Lead Soldering Temperature 

[1.6 mm (0.063 in.) from body] 260°C for 7 seconds 


Note: 
1. Derate from 50°C at 0.5 mA/°C 


& 
5 
4 
ta 
g 
bo 





Package Dimensions 87019G01/87019Y01 


NOTE 2 










GLASS NVG FILTER 








LENS NOTE 1 CONDUCTIVE 152 
‘~ SURFACE NOTE 3 a i 
CATHODE LEAD .060) 
5.08 PART MARKING 
(0.200) 
6.35 (0.250) DIA. REF. 1 he 


14.27 
(0.562) 


—! 4 









3.53 


pa 
O 





2.67 (2-108) 3.38 aaa) 
M8x0.75-6H 2.41 \0.095 : : 7.62 
10.67 73:23 (Bean) 0.56 (0022) SQUARE em) 
(ea 10.67 0.71 \0.028/ LEADS 
0.420 9.65 
- a420) SEALING WASHER 
(0.180) MAX. 0.380 NOTES 
_ 19.56 (9220) 
19.05 \0.750 
14.66 
(0.577) 
| rN 
12.70 
(0.500) ( ) 


| _ Xs J 


8.56 3.18 a _ 
8.74 (0.337) (0.125) 


—| 


1.65 


vena (0.065) 15.24 
17.42 (0.600) Sune 
(0.686) 0.81 NOTE 8 
(0.032) 
FLATWASHER LOCK WASHER 
NOTE 6 NOTE 7 
Notes: 
1. Glass NVG filter with a front surface antireflection coating per MIL-C-14806. 
2. Collar of sleeve is black anodized per MIL-A-8625. 
3. Panel mount sleeve material is aluminum alloy with conductive chromate conversion coating per MIL-C-5541. 
4. Recommended panel hole diameter for mounting is 8.03/8.00 mm (0.319/0.315 inch). 
5. Sealing washer, synthetic rubber, black, 60 durometer per MIL-R-6855. 
6. Stainless steel flat washer per MS-15795. 
7. Steel lock washer, cadmium plated, per MS-35333. 
8. Aluminum alloy nut, M8x0.75-6H metric threads, with conductive chromate conversion coating per MIL-C-5541. 
9. All dimensions in millimetres (inches). 
10. Weight of panel mount lamp assembly, exclusive of mounting hardware, is 2.8 grams. 
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Electrical/Optical Characteristics at T, = 25°C. 


a ae 


‘S| 
oy 
< 















Units | Conditions 











Symbol | Description 


ae 
° 


Axial Luminous 
Intensity 


ke LED Diffusion | 


Total Power Emission | 
350 nm to 930 nm 


my 


7 = 10 mA") 


I, = 10 mA™ 


Infrared Power Emission 


Ss 
ie ° 





Pig | 620 nm to 930 nm % of P.| I, = 10 mA®! 
Pry |675 nm to 930 nm 
20,.  |Included Angle Between 









Half Luminous Intensity 
Points 


Included Angle Between 
0.5% Luminous Intensity 
Points 

Nor AK Peak Wavelength 


Dominant Wavelength 
= slant of Response 


R9,,n | Thermal Resistance LED 
Junction to Cathode Pin 
Forward Voltage 


Reverse Current a 
_ | Luminous Efficacy ae 


nN 
Insulation Resistance 1000 


Notes: 

1. LED diffusion, I, is the variation of luminous intensity across the face of the NVG filter. Light output measurements are in 
accordance with DESC Drawing 87019. 

2. Total power, P,, is the amount of radiometric power in watts from 350 nm to 930 nm emitted by the lamp through the NVG 
filter. 

3. Infrared power, P,,,, (green) and P,,, (yellow), is the ratio of the infrared power emitted thorugh the NVG filter between the 
wavelengths indicated to the total radiometric power emitted between 350 nm and 930 nm, P. 





I, = 10 mA"! 


Lets ie | || se 





~ 


we] 
ANG 





< 


2 


—_ 
i) 
=) 
© 
e) 





4.0, P is the off-axis angle where the luminous intensity is half the on-axis value. 0,,, TYP = 12°64, 
5. @ is the off-axis angle where the luminous intensity is 0.5% of the on-axis value. 6, TYP = 25°C, 0, MAX = 30°. 
6. The dominant wavelength, A, is derived from the CIE Chromaticity Diagram and : represents the single wavelength which 


defines the color of the device. 

Junction to cathode lead with 3.18 mm (0.125 inch) of lead exposed between base of lamp and heat sink. 

. Radiant intensity, I , in watts/steradian, may be determined from the equation I, = I/m,, where I, is the luminous intensity in 
candelas and n, is the luminous efficacy i in lumens/watt. ) 

9. Insulation resistance is between both leads and the metal sleeve. 


a. 
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RELATIVE INTENSITY 





\ - WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength 


RELATIVE LUMINOUS INTENSITY 





0 5 10 15 20 25 30 35 40 45 50 
I—f - FORWARD CURRENT - mA 


Figure 3. Relative Luminous Intensity vs. Forward 
Current 


RATIO OF MAXIMUM TOLERABLE 
- PEAK CURRENT TO MAXIMUM 
TOLERABLE DC CURRENT 


VEST Esa ADD a 
AVANTE EINE PN TINY 


aati | ii 
oe A 
“TTT CATH CATE CATH 


1 10 100 1000 10000 





tpeax MAX. 
loc MAX. 





*tp - PULSE DURATION - us 


Figure 5. Maximum Tolerable Peak Current vs. Pulse 


Duration. (1,,, MAX as per MAX Ratings) 


{- - FORWARD CURRENT -mA 


3 
Oo 
ti 
g 
xr 





Ve - FORWARD VOLTAGE - V 


Figure 2. Forward Current vs. Forward Voltage 
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m 
- 
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° 
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PEAK - RELATIVE EFFICIENCY 





0 10 20 30 40 50 60 70 80 90 


IpEak - PEAK CURRENT - mA 


Figure 4. Relative Efficiency (Luminous Intensity per 
Unit Current) vs. Peak Current 


RELATIVE LUMINOUS INTENSITY POPE ANGLE: DEGREES 


Figure 6. Relative Luminous Intensity vs. Angular 
Displacement 
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High-Reliability optical and mechanical tests as 
Screening as Defined listed in Table II. Random 


; sample Group B quality con- 
by DESC Drawing 87019 formance tests in accordance 


All lamps are subjected to 100 with MIL-S-19500 subgroups, 
percent screening as listed in as listed in Table III, are per- 
Table I. Random samples are formed every six months. 
pulled from each lot andare __ 

subjected to Group A electrical/ 


Table I. Screening Tests 



























T,..., = +100°C, 10 cycles; 
Constant Acceleration : | 2006 | N ee 20,000 g; Y, ony. 


MIL-STD-750 
Test Method a and Conditions 
High Teniperataxs Storage (N mecca 1032 T, = 100°C, time = 72 hours 
(high) 
time at temperature extremes = 15 
Pre Burn-in 


Thermal Shock (Temperature Cycling) 1051 Test condition A, except 
minutes minimum. 
Measurements 





Burn-in (Forward Bias) 7 = 20 mA de for yellow, 
I, = 30 mA dc for green, 


168 hours minimum 


I, (within 72 hours of burn-in)! 
V. m 

1,0 
Pi 
AI, = -20% maximum from inital value 
AV, = +50 mV from initial value 













Post Burn-in 
Measurements 








Note: . 
1. Limits and conditions are those listed in the electrical/optical characteristics. 
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Table II. Group A = ra 


Inspection 


Subgroup 1 
Visual and mechanical 
inspection 


Subgroup 2 
Luminous intensity I, = 10 mA de 
light output 


& 
3 
2 
ti 
g 
= 


Forward voltage I.=10mA de 





Reverse current Vz, =5 Vde 


Subgroup 3 , 
High temperature T, = +100°C _ 
Luminous intensity I, = 10 mA de Verify : 
light output 
Reverse current 4016 V,=5Vde | 100 | pAdc 
Low temperature T, = -55°C 
Luminous intensity I, = 10 mA de Verify 
light output 
Forward voltage 4011 I, = 10 mA de : | 


Subgroup 4 
Insulation resistance 1016 


Subgroup 5 Not applicable 
Subgroup 6 Not applicable 


Subgroup 7 
Power emission Note 1 


Note: 
1. Test conditions and wavelength limits are those listed in the electrica)/optical characteristics. 
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Table III. Group B Inspection 


MIL- STD-750 
Inspection 


aes 
Subgroup 1 5/0 


Solderability 2026 


Resistance to solvents 1022 





























Subgroup 2 
Thermal shock 


Immersion (seal) 





1051 
1011 


Test condition A, T 
Test condition A 
See MIL-L-3661, sealing test 


watertight, except maximum 
pressure is 30 psi. 


AL; Valk, Po PR 


{1] 
ISO 


= 100°C . 


(high) 















Watertightness (panel sealing) 











Electrical/Optical endpoints 


Subgroup 3 
Life test 


Electrical/Optical endpoints L Vis laedea tay © ale bea 


Subgroup 4 and 5 em Not appeal i Rania 


- Subgroup 6 
High temperature life 
_ (nonoperating) 






















Electrical/Optical endpoints I, V,, Tar Mar Paes Pag Ly» Risol! 
Subgroup 7 


Terminal strength 







Test condition A, 2 pounds for 
20 seconds 


Vibration 
| Mechanical shock 
Electrical/Optical endpoints 






I, Ve I» da Pi Pr I Rigo 


Note: 
1. Limits and conditions are those listed i in the electrical/optical characteristics. 
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Application 
Information 

IR Secure Lighting 

The objective of IR secure light- 
ing is to suppress IR emission 
from a light source in order to 
reduce the susceptibility of 
detection by a threat optical 
infrared image intensifier. IR 
Secure Lighting is derived from 
the Priority 1 Wavelength 
Restriction objective of the U.S. 
Army CECOM Statement of 
Work for NVG Secure Lighting. 
The Priority 1 objective limits 
the amount of IR energy as 
follows: 


"Between 350 nm and 930 
nm, no more than 0.5% of 
the total energy emitted 
shall be above 700 nm. The 
wavelength cut-off to 0.5% 
shall begin between 600 
nm and 700 nm, and shall 
be as close to 600 nm as 
possible." 


Mechanical/Optical 

Each 87019G01 and 87019Y01 
secure lamp is constructed by 
assembling a military grade 
true hermetic LED lamp into an 
aluminum alloy panel mount- 
able sleeve. The internal design 
of the sleeve provides a light 
trap that shapes the radiation 
pattern into a narrow viewing 
angle necessary for IR Secure 
Lighting applications, limits the 
luminous intensity to less than 
0.5% of the on-axis value at off- 
axis angles greater than 30°, 
and provides increased contrast 
enhancement for daylight view- 
ing. A glass NVG filter with a 
front surface antireflection coa- 
ting per MIL-C-14806 is integ- 
rally mounted in the collar of 
the sleeve. The NVG filter pro- 
vides suppression of IR energy 
to meet the Priority 1 objective. 
The IR suppression is constant 
with respect to off-axis viewing 
angles. The luminance of these 
lamps may be reduced by either 
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decreasing the DC forward 
current or by using pulse width 
modulation of the peak current. 


The collar of the panel mount- 
able sleeve surrounding the 
NVG filter is black anodized to 
enhance viewability. The 
chromate conversion coating on 
the body of the sleeve is elec- 
trically conductive, thus permit- 
ting an effective EMI attenua- 
tion seal to be formed with the 
front panel by way of a positive 
mechanical and electrical 
contact through the mounting 
hardware. The solder dipped 
leads are electrically insulated 
from the sleeve. The front and 
rear sealing techniques and 
materials maximize the sealed 
surface areas to achieve superi- 
or resistance to moisture and 
adverse environments, exceed- 
ing the sealing and immersion 
requirements of MIL-L-3661. 
The maximum torque that may 


be applied to the nut is 3.62 N- | 


m (32 in-lbs). 


g 
3 
So 
2. 
nteke 














JAN Qualified Hermetic 
Solid State Lamps* 


Technical Data 


Features 

e Military Qualified | 

e Listed on MIL-S-19500 QPL 

¢ Choice of Four Colors 
Red : 
High Efficiency Red 
Yellow - 
Green 

¢ Designed for High- 
Reliability Applications | 

e Hermetically Sealed 

e Wide Viewing Angle 

° Low Power Operation 

e IC Compatible 

e Long Life 

e Panel Mount 
Configuration 


Description 


The 1N5765, 1N6092, 1N6093 
and 1N6094 solid state LEDs 
are hermetically sealed in a TO- 
46 package with a tinted, dif- 
fused plastic lens over a glass 
window. These devices are 
designed for high reliability 
applications and provide excel- 
lent on-off contrast, high axial 
luminous intensity, and a wide 
viewing angle. The panel mount 


versions consist of an LED unit 
permanently mounted in an 
anodized aluminum sleeve. 


The 1N5765 utilizes a GaAsP 
LED chip with a red diffused 
lens over a glass window. — 


The 1N6092 has a high 
efficiency red GaAsP on GaP 
LED chip with a red diffused 
lens over a glass window. This 
device is comparable to the 
1N5765 but its efficiency 
extends to higher currents and 
it provides greater luminous 
intensity. 


The 1N6093 provides a yellow 
GaAsP on GaP LED chip with a 
yellow, diffused lens over a glass 
window. 


The 1N6094 utilizes a green 
GaP LED chip with a green, dif- 
fused lens over a glass window. 


The plastic lens over glass 
window system is extremely 
durable and has exceptional 
temperature cycling 
capabilities. 


HEWLETT 
PACKARD 


Uz 


1N5765 
JANIN5S765 
JANTX1N5765 
1N6092 __ 
JAN1N6092 
JANTX1N6092 
1N6093 
JANIN6093 
JANTX1N6093_— 
1N6094 | 
JANING094 
JANTX1N6094 





HERMETIC TO-46 LAMP 





PANEL MOUNT LAMP ASSEMBLY 


*Panel mount versions of all of the above are available per the selection matrix on the next page. 
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COLOR - PART NUMBER - LAMP AND PANEL MOUNT MATRIX 


Controlling 
Standard With JAN JAN Plus MIL-S-19500 
Description Product Qualification!" TX Testing!?! Document"! 


TABLE A. Hermetic TO-46 Part Number System 


Standard Red 1N5765 JAN1N5765 JANTXIN5765 
High Efficiency Red 1N6092 JAN1N6092 JANTX1N6092 
Yellow 1N6093 JAN1N6093 JANTX1IN6093 


Green 1N6094 JAN1N6094 JANTX1N6094 


TABLE B. Panel Mountable Part Number System"! 


Standard Red HLMP-0904 HLMP-0930 HLMP-0931 
High Efficiency Red | HLMP-0354 HLMP-0380 HLMP-0381 
(JANM19500/51901) | (JTXM19500/51902) 
Yellow HLMP-0454 HLMP-0480 HLMP-0481 
(JANM19500/52001) | (JTXM19500/52002) 
Green HLMP-0554 HLMP-0580 HLMP-0581 
(JANM19500/52101) | (JTXM19500/52102) 


& 
3 
Q 
me 
i 
re 





Notes: 

1. Parts are marked with the JAN part number. 

2. Parts are marked with the JANTX part number. 

3. Panel mountable packaging incorporates the Table A TO-46 part into a panel mount enclosure. 
4. JAN and JANTX parts only. 


Package Dimensions 


HLMP-0904, 0354, 0454, 0554 1N5765, 1N6092, 1N6093, 1N6094 


| 12.70 (.500) | 


7% 
ee SS: Le x $5¢ 4.47 (.176) _ 
9.86 (. 
13.21 (.520) 4.83 (.190) TINTED PLASTIC: 
1.52 (.060) 12.7 (500) 1.12 (.044) OVER GLASS LENS 
- [178 (070) |* ~44.8 (583) — ' 
i ia | ART 





Spear 























GLASS/METAL 
HERMETIC CAN 
56 (. { 41 (. GOLD PLATED 
.312-32 UNEF-2A (NOTE 4) PAP a uthe KOVAR 
i igsassee MOD 22) 24.6 (.970) 
CONDUCTIVE CHROMATE —+llx— 37 (628) 36.2 (1.030) 


CONVERSION COATING 


PART MARKING 


2.26 = 
(‘089) 
64 (.025) 
NOMINAL 
. il 9.45 (.372) 48 [ 
10.67 (.420) Ps Soh 
NOTES: 1.14 (.04 
1. THE PANELMOUNT SLEEVE IS BLACK 1.40 (.05 


ANODIZED ALUMINUM. 
( 


2. SOLDER DIPPED LEADS. GOLD PLATED 10.80 
3. ONE LOCK WASHER AND ONE HEX-NUT IS | . 
INCLUDED WITH EACH PANEL MOUNT 53 (.021) 5.08 (.200) 
LAMP. 5.59 (.220) 
4. USE OF METRIC DRILL SIZE 8.20 
MILLIMETRES OR ENGLISH DRILL SIZE P - 
(0.323 INCH) IS RECOMMENDED FOR . 

















LEADS AVAILABLE ON REQUEST. (.425) 
PRODUCING HOLE IN THE PANEL FOR 


PANEL MOUNTING. 





5. ALL DIMENSIONS IN MILLIMETRES CATHODE gat E032) 
(INCHES). 1.07 (.042) 
6. PACKAGE WEIGHT INCLUDING LAMP AND OUTLINE TO-46 
PANEL MOUNT IS 1.2 - 1.8 GRAMS. NUT 
AND WASHER IS AN EXTRA 0.6 - 1.0 NOTES: 


GRAM. 1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 
2. GOLD-PLATED KOVAR LEADS. 
3. PACKAGE WEIGHT OF LAMP ALONE IS .25 - .40 GRAMS. 
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Absolute Maximum Ratings at T, = 25°C © aoe sea | = 2 
| : Red igh Eff.Red| Yellow Green 
Parameter , HLMP-0904| HLMP-0354 | HLMP-0454 | HLMP-0554 | Units 
Power Dissipation (derate 100 120 120 120 = | mW 
linearly from 50°C at 1.66mW/°C) | | | 
Peak Forward Current —s 1000 | ~~ 60 60 60 mA 
| SeeFig.5 | See Fig. 10 See Fig. 15 | See Fig. 20 
Operating and Storage | | -65°C to +100°C 
Temperature Range 7 ? 2 8 
Lead Soldering Temperature — Oo | 
[1.6 mm (0.063 in.) from body] 
Notes: - 


1. Derate from 50°C at 0.2 mA/°C. 
2. Derate from 50°C at 0.5 mA/°C. 











260°C for 7 seconds. 


Electrical/Optical Characteristics at T ‘ = 25°C 


1N5765/ 1N6092/ 1N6093/ | __1N6094/ 
HLMP-0904 | HLMP-0354 | HLMP-0454 | HLMP-0554 













; Test 
Sym. Description Conditions 
I Axial Luminous d I, = 20 mA 










Intensity Figs. 3, 8, 13, 18 


‘@=0° 


— 
or 
oy 
a 


Luminous 
Intensity at 
@ = 30° 


Included Angle 
Between Half 
Luminous 
Intensity 
Points!'U 


Apeax | Peak 
_| Wavelength 


Dominant 
Wavelength?! 


Speed of Response 


ae 
- x a 










a 


fon) 
~ : 
So 

J 

S 

© 


~J 
eos 


_ 
E 


R6, pi~| Phermal 
Resistance*!) 
Re Thermal 


J-PIN : 
Resistance**!3! 


Forward Voltage 


Ti [RewseGomeat | [aot faef [fet ea 
4.0 | 5.0 5.0 50; | 5.0 Vv 


BV, | Reverse 
=CCECCE 


Breakdown 
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: 
‘| 
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oO 1) 
ro) nr 
bo 
Or 
~~ 
an] 





_ 
ror) 


I, = 100 pA 








Voltage 


n, | Luminous 
Efficacy) 





Notes: 
1.0 


1/2 


is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 


2. The dominant wavelength, i,, is derived from the CIE chromaticity diagram and represents the single wavelength which 


defines the color of the device. 


3. Junction to Cathode Lead with 3.18 mm (0.125 inch) of leads exposed between base of flange and heat sink. 
4. Radiant intensity, I,, in watts/steradian, may be found from the equation I,=I,/n,, where I, is the luminous intensity in 
candelas and n, is the luminous efficacy in lumens/watt. 


*Panel mount. 
**T0-46. 





RELATIVE INTENSITY 


HIGH EFFICIENCY 
RED 


LY 











WAVELENGTH — nm 


Figure 1. Relative Intensity vs. Wavelength. 


Family of Red 1N5765/HLMP-0904 








ip — FORWARD CURRENT — mA 





1.40 1.50 1.60 1.70 
Ve— FORWARD VOLTAGE — VOLTS 


Figure 2. Forward Current vs. 
Forward Voltage. 
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RELATIVE LUMINIOUS INTENSITY 
(NORMALIZED @ 20mA) 














0 10 20 30 40 50 


|; - FORWARD CURRENT — mA 


Figure 3. Relative Luminous 
Intensity vs. Forward Current. 
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RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA DC) 











0 50 100 150 200 250 300 350 


I — PEAK CURRENT — mA 


PEAK 


Figure 4. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 
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Figure 5. Maximum Tolerable Peak Current vs. Pulse Figure 6. Relative Luminous Intensity vs. Angular 
Duration. (1, MAX as per MAX Ratings). ; Displacement. 


Family of High Efficiency Red 1N6092/HLMP-0354 






































RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA DC) 





RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 








IpeEaxk — PEAK FORWARD CURRENT — mA 























0 
10 15 2.0 2.5 3.0 3.4 


Vp — PEAK FORWARD VOLTAGE ~ V I; — FORWARD CURRENT — mA lbeax — PEAK CURRENT — mA 


Figure 7. Forward Current vs. Figure 8. Relative Luminous Figure 9. Relative Efficiency 
Forward Voltage. Intensity vs. Forward Current. (Luminous Intensity per Unit 
Current) vs. Peak Current. 





















































TO MAXIMUM TOLERABLE 
DC CURRENT 








RATIO OF MAXIMUM TOLERABLE 
PEAK CURRENT 






















































































fpeak MAX. 
Ipc MAX. 





“4 10 100 1,000 10,000 





tp — PULSE DURATION — us 


Figure 10. Maximum Tolerable Peak Current vs. Pulse Figure 11. Relative Luminous Intensity vs. Angular 
Duration. (I, MAX as per MAX Ratings). Displacement. 
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Family of Yellow 1N6093/HLMP-0454 























RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA DC) 











Ipeak — PEAK FORWARD CURRENT — mA 
RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 








“0 15 2.0 25 30 3.4 ae a a a ae eo 102030405060 
Ve — PEAK FORWARD VOLTAGE — V 1; — FORWARD CURRENT — mA lpeak — PEAK CURRENT — mA 
Figure 12. Forward Current vs. Figure 13. Relative Luminous Figure 14. Relative Efficiency 
Forward Voltage. Intensity vs. Forward Current. (Luminous Intensity per Unit 


Current) vs. Peak Current. 
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50 


TO MAXIMUM TOLERABLE 
DC CURRENT 











RATIO OF MAXIMUM TOLERABLE 
: PEAK CURRENT 











.25 



















































IpEAK MAX. 
IpcMAX. 


“s i 
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Figure 15. Maximum Tolerable Peak Current vs. Pulse Figure 16. Relative Luminous Intensity vs. Angular 
Duration. (1,,, MAX as per MAX Ratings). Displacement. 
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Family of Green 1N6094/HLMP-0554 























RELATIVE EFFICIENCY 








RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 25mA) 


(NORMALIZED AT 25mA DC) 





Ipeak — PEAK FORWARD CURRENT — mA 





Ve — PEAK FORWARD VOLTAGE — V 


Figure 17. Forward Current vs. 
Forward Voltage. 
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Figure 20. Maximum Tolerable Peak Current vs. Pulse 
Duration. (1,, MAX as per MAX Ratings). 
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Figure 18. Relative Luminous 
Intensity vs. Forward Current. 
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Figure 19. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 
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Figure 21. Relative Luminous Intensity vs. Angular 
Displacement. . a 


JAN PART: Samples of each lot .JANTX PART: These devices 
are subjected to Group A and B undergo 100% screening tests as 


tests listed below. Every six listed below to the conditions 
months, samples from a single and limits specified by the MIL- 
lot of each part type are S-19500 slash sheet. The 
subjected to Group C testing. JANTX lot has also been 

All tests are to the conditions subjected to Group A, B, and C 
and limits specified by the sample tests as for the JAN 
appropriate MIL-S-19500 slash § PART above. 

sheet. 
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Table I. Group A = ee amas for TO-46 Lamps 


MIL- _MILSTD-750 | Limits | 
Examination or Test | Method LTPD | Symbol | Min. | Max. Unit 





Subgroup 1 
Visual and mechanical 
inspection 
Subgroup 2 
Luminous intensity I, = 20 mA de;"!@ = 0° 
Luminous intensity I, = 20 mA de;"!6 = 30° 
Reverse current DC method; V, = 3 V de 
Forward current DC method; I, = 20 mA"! 
Subgroup 3 
High temperature: T, = 100°C 
Reverse current DC method; V, = 3 V de 
Forward voltage DC method; I, = 20 mA”! 
Low Temperature: T, = -55°C 
Reverse current DC method; V,, = 3 V de 
Forward voltage DC method; I, = 20 mA”! 
Subgroup 4 
Capacitance Vz = 0; f= 1 MHz 
Notes: 
1. I, = 25 mA for 1N6094. 
2. For 1N5765. 


3. For 1N6092, 1N6093, and 1N6094. 
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Table II. Group B Inspection 


MIL-STD-750 


Examination or Test | Method a _——_ Baa LTPD | Symbol | Min. | Max. 
15 : 


Subgroup 1 
Solderability 


Resistance to solvents 


Subgroup 2 


Thermal shock 
(temperature cycle) 


Hermetic seal 
Fine leak 
Gross Leak 


Electrical test: 


_ Luminous intensity 


Subgroup 3 


Steady-state-operation 
life 


Electrical test: 


Luminous intensity 


Subgroup 4 
Decap internal design 
verification 


Subgroup 5 
(Not applicable) 


Subgroup 6 
High temperature life 
(nonoperating) 


Electrical test: 


Luminous intensity 


Notes: 

1. For 1N5765. 

2. For 1N6092. 1N6093, an 
3. 25 mA for 1N6094. 


(a 
Z 


Test condition A 
T (high) = 100°C; 


| 25 cycles 
| Test condition H 


| Test condition C or K, 


indicator fluid/device 
maintained at 
100°C +5°C 


I, = 20 mA de,#!6 = 0° 
I, = 35 mA de, 340 hours 
T, = 25°C 


I, = 20 mA dc,®! 6 = 0° 


| Test 1 device/O failure 


T, = 100°C, 340 hours 


I, = 20 mA de, 16 = 0° 
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Table III. Group C Inspection , 


MIL-STD-750 
Examination or Test | Method LTPD | Symbol | Min. | Max. | Unit 
15 





Subgroup 1 
| Physical dimensions 2066 
Subgroup 2 10 
Thermal shock 1056 Test condition A 
(glass strain) 
Terminal strength 2036 | Test condition E 
Hermetic seal 1071 
Fine leak Test condition H 
Gross leak Test condition C or K, 
indicator fluid/device 
maintained at 
100°C + 5°C 
Moisture resistance 1021 | Omit initial conditioning 
Electrical test: 
Luminous intensity I, = 20 mA dc,®! 6 = 0° I, 0.514 med 
3.0/4! mcd 
Subgroup 3 10 
Shock 2016 | Nonoperating, 1500 g's, 
0.5 ms, 5 blows in X1, 
Y1, Z1 orientation 
Vibration, variable 2056 | Nonoperating 
frequency 
Constant acceleration 2006 20,000 g's X1, Y1, Z1 
orientation 
Electrical test: | 
Luminous intensity ; = 20 mA dc,®!6 = 0° Ls 0.50! med 
3.9021 mcd 
Subgroup 4 | 15 
Salt atmosphere 1041 
(corrosion) 
Subgroup 5 
(Not applicable) 
Subgroup 6 
Steady-state- 1027 | I,=35 mAdc, 1000 
operation life hours, T, = 25°C 
Electrical test: 
Luminous intensity I, = 20 mA dc,®! 6 = 0° I, 0.451) med 
2.7!) mcd 
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Table III. Group C Inspection (continued) 


| : MIL-STD-750 
Examination or Test 


Subgroup 7 


Peak forward pulse t, = 1 Us, pps = 300, 
current (transient) total test time = 5 s, 
Ti = 1.0 A(pk) 











[iin [Max | Unit 










LTPD | Symbol 
10 | 

















Electrical test: 


Luminous intensity 








I, = 20 mA de,*16 = 0° 





Subgroup 8 
Peak forward pulse 
current (operating) 









t =0.5 ms, | 
P..,, < 120 mW, T, = 25°C, |. 
I, = 60 mA, 500 hours 









Electrical test: 





Luminous intensity I, = 20 mA dc,®! 6 = 0° 


Notes: 

1. For 1N5765. 

2. For 1N6092, 1N6093, and 1N6094. 
3. I, = 25 mA for 1N6094. 


‘Table IV. Group A Inspection for panel mount lamps 
ML-STD-150_ 
Esamination or Text [Method] Details [P| Symbol Win [ Mas] 


Subgroup 1 
External visual 
examination 


Subgroup 2 
Luminous intensity I, = 20 mA de,®!6 = 0° 


Forward voltage DC method: I, = 20 mA®! 
Reverse current DC method: V, = 3 V de 


Subgroup 3 
Resistance to solvents Omit solution 2.1d 


Subgroup 4 
Physical dimensions 





Notes: 

1. For 1N5765. 

2. For 1N6092, 1N6093, and 1N6094. 
3. I, = 25 mA for 1N6094. 
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JAN Qualified Ultra-Bright 
Hermetic Solid State Lamps* 


Technical Data 


Features 
e Military Qualified 
e Listed on MIL-S-19500 QPL 


e Sunlight Viewable with 
Proper Contrast 
Enhancement Filter 

e Hermetically Sealed 

e Choice of Three Colors 
High Efficiency Red 
Yellow 
High Performance Green 

e Low Power Operation 


¢ IC Compatible 
°e Long Life/Reliable/Rugged 


e Panel Mount 
Configuration 


Description 


The 1N6609, 1N6610, and 
1N6611 are hermetically sealed 
solid state lamps in a TO-18 
package with a clear glass lens. 
These hermetic lamps provide 
improved brightness over 
conventional hermetic LED 
lamps, excellent on-off contrast, 


and high axial luminous 
intensity. These LED indicators 
are designed for use in applica- 
tions requiring readability in 
bright sunlight. With a proper 
contrast enhancement filter, 
these LED indicators are 
readable in sunlight ambients, 
see Application Note 1015 
Contrast Enhancement 
Techniques for LED Displays. 
The panel mount versions 
consist of an LED unit 
permanently mounted in an 
anodized aluminum sleeve. 


The 1N6609 utilizes a high 
efficiency red GaAsP on GaP 
LED chip. The 1N6610 uses a 
yellow GaAsP on GaP LED 
chip. The 1N6611 uses a green 
GaP LED chip. 


HEWLETT 
PACKARD 


Uz 


1N6609 
JAN1N6609 
JANTXIN6609 
1N6610 
JAN1N6610 
JANTX1N6610 
1N6611 
JANIN6611 
JANTX1N6611 





*Panel Mount versions of all of the above are available per the selection matrix on the next page. 
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COLOR - PART NUMBER - LAMP AND PANEL MOUNT MATRIX 


Standard 
Product 


With JAN 
Description 


Qualification"! 


Controlling ! 
MIL-S-19500 |. 
| Document 


_ JAN Plus 
TX Testing 


TABLE A. Hermetic TO-18 Part Number System 


JAN1N6609 
JAN1N6610 
JAN1N6611 


High Efficiency Red | 1N6609 
Yellow | 1N6610 
Green __|_ _1N6611 


JANTX1IN6609 — 1519 
JANTX1N6610 /520 
JANTX1N6611 /521 


TABLE B. Panel Mountable Part Number System"! 


High Efficiency Red | HLMP-0364 HLMP-0365 


Yellow HLMP-0464 HULMP-0465 


HLMP-0366 


(JANM19500/51903) | GANTXM19500/51904) 


HLMP-0466 


(JANM19500/52003) | (PANTXM19500/52004) 


Green HLMP-0564 HLMP-0565 


HLMP-0566 





(JANM19500/52103) | (SANTXM19500/52104) 


Notes: 
1. Parts are marked with JAN part: dumber: 
2. Parts are marked with JANTX/JTX part number. 


3. Panel mountable packaging ee the Table A TO-18 part into a panel mount enclosure. | 


4. JAN and JANTX parts only. 


Package Dimensions. 









CATHODE 


HLMP.-0364, 0464, 0564 
12.70. (.500) o fe << 2:47 (.373) 
73.21 (520) | oe 9.86 (.388) > 
|. 1.52 (.060) 14.8 (583) 
= Pa r — +.78 (070) 12.7 (500) | | CATHODE 











\ .312-32 UNEF-2A (NOTE 4) 
CONDUCTIVE CHROMATE 


.64 (.025) CONVERSION COATING 


NOMINAL 
2.26 _ 
| 9.45 (.372) 
10.67 (.420) NE : 


NOTES: 10.80 
1. THE PANELMOUNT SLEEVE IS BLACK ANODIZED (.425) 

ALUMINUM. 53 (.021) 
2. SOLDER DIPPED LEADS. GOLD PLATED LEADS aia 


AVAILABLE ON REQUEST. 
3. ONE LOCK WASHER AND ONE HEX-NUT ARE INCLUDED 


PART MARKING 








WITH EACH PANEL MOUNT LAMP. 

4. USE OF METRIC DRILL SIZE 8.20 MILLIMETRES OR 
ENGLISH DRILL SIZE P (.323 INCH) IS RECOMMENDED 
FOR PRODUCING HOLE IN THE PANEL FOR PANEL 
MOUNTING. 

ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

‘PACKAGE WEIGHT INCLUDING LAMP AND PANEL 
MOUNT IS 1.2 - 1.8 GRAMS. NUT AND WASHER IS AN 
EXTRA .6 - 1.0 GRAM. 
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1N6609, 1N6610, IN6611 — 


2°(.1 
ae [oss 383 (3 190) 
i so _— GLASS LENS 


- GLASS/METAL 
HERMETIC CAN 





GOLD PLATED 
KOVAR 








89 (.035) - 
1.14 (.045) 


| = 








_/ ee 81 (.032) 
CATHODE — | | —~ 707 (042) 


OUTLINE TO-18 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. GOLD-PLATED KOVAR LEADS. 

3. PACKAGE WEIGHT OF LAMP ALONE IS .25 - .40 GRAMS. 


Absolute Maximum Ratings at T, = 25°C 
High Efficiency Red Yellow 

Parameter 1N6609 ~1N6610 
Power Dissipation (derate linearly - 120 120 
from 50°C at 1.6 mW/°C) 
Peak Forward Current 60 60 60 

See Fig. 5 See Fig. 10 See Fig. 15 

Operating and Storage -65°C to +100°C 
Temperature Range 
Lead Soldering Temperature 260°C for 7 seconds. 
[1.6 mm (0.063 in.) from body] 


Note: 
1. Derate from 50°C at 0.5 mA/C. 





























Electrical/Optical Characteristics at T, = 25°C 


| Test 
Symbol} Description ; : ‘ ; : ; i Conditions 
v1 


Axial Luminous I, = 20 mA 
Intensity Figs. 3, 8, 13 


I 
6=0° 
Included Angle 
20,,. | Between Half 
Luminous 
Intensity Points! 
co Peak Wavelength 
da Dominant 
Wavelength”! 
Speed of Response 
RO, pw | Thermal 
Resistance*!3! 
Vp 
BV, 
nN 


Thermal 
Resistance**!! 
Forward Voltage 


Revere Gat 
Reverse 

Breakdown Voltage 
Luminous 
Efficacy!*! 
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5 
© 
to 
z 








Notes: | Pa, 8 

1. 0,,, is the off-axis angle at which the luminous intensity is half the axial laminous. intensity. 

2. The dominant wavelength, 4,, is derived from the CIE chromaticity diagram and represents the single wavelength which 
defines the color of the device. 

3. Junction to Cathode Lead with 3.18 mm (0.125 inch) of leads exposed between base of flange and heat sink. 

4. Radiant intensity, I,, in watts/steradian, may be found from the equation I, = I /y,, where I, is the luminous intensity in 
candelas and n, is the luminous efficacy in lumens/watt. | ; 


*Panel mount. 
**TQ-18. 


RELATIVE INTENSITY 





WAVELENGTH — nm 


Figure 1. Relative Intensity vs. Wavelength. 


Family of High Efficiency Red 1N6609/HLMP-0364 
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Figure 2. Forward Current .. Figure 3. Relative Luminous , Figure 4. Relative Efficiency 


vs. Forward Current. Intensity vs. Forward Current. . (Luminous Intensity per Unit 
Current) vs. Peak Current. 
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Figure 5. Maximum Tolerable Peak Current 
vs. Pulse Duration. (I, , MAX as per MAX 
Ratings). 


Family of Yellow 1N6610/HLMP-0464 
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Figure 6. Relative Luminous Intensity 
vs. Angular Displacement. 
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RELATIVE LUMINOUS INTENSITY 
(NORMALIZED AT 20mA) 


RELATIVE EFFICIENCY 
(NORMALIZED AT 20mA DC) 
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Figure 7. Forward Current 
vs. Forward Voltage. 
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Figure 10. Maximum Tolerable 
Peak Current vs. Pulse Duration. 
(I, MAX as per MAX Ratings). 
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Figure 8. Relative 
Luminous Intensity vs. 
Forward Current. 
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Figure 9. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 








aa Ae oe es 
10° 20° 30° 40° 50° 60° 7 


0 
a 


i=] 
= 


a a 
CECE 





Figure 11. Relative Luminous 
Intensity vs. Angular Displacement. 
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Family of Green 1N6611/HLMP-0564 
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Figure 12. Forward Current 
vs. Forward Voltage. 
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Figure 15. Maximum Tolerable 


Peak Current vs. Pulse Duration. 
(I, MAX as per MAX Ratings). 
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Figure 13. Relative Luminous 
Intensity vs. Forward Current. 
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Figure 14. Relative Efficiency | 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 
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Figure 16. Relative Luminous Intensity 
vs. Angular Displacement. 
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JAN PART: Samples of each lot © JANTX PART: These devices 
are subjected to Group A and B undergo 100% screening tests as 


tests listed below. Every six listed below to the conditions 

months, samples from a single and limits specified by the MIL- | 
lot of each part type are S-19500 slash sheet. The 
subjected to Group C testing. JANTX lot has also been | 
All tests are to the conditions subjected to Group A, B, and C | 
and limits specified by the sample tests as for the JAN ! 


appropriate MIL-S-19500 slash § PART above. 
sheet for the device under test. 


& 
5 
Q 
rr 
z 
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Table I. Group A Inspection for TO-18 Lamps 


MIL-STD-750 Limits 
Examination or Test | «Details LTPD | Sym. | Min. | Max. | Unit 


Subgroup 1 
Visual and mechanical 
inspection 





Subgroup 2 
Luminous intensity I, = 20 mA de;! 
6 =0° 
Reverse current DC method; V, = 3 V de 
Forward current DC method; I, = 20 mA 


Subgroup 3 


High temperature: T, = 100°C 
Reverse current DC method; V, = 3 V de 
Forward voltage DC method; I, = 20 mA"! 


Low Temperature: T, = -55°C 
Reverse current DC method; V,, = 3 V de 


Forward voltage DC method; I, = 20 mA” 


Subgroup 4 
Capacitance V, =0;f=1MHz 


Subgroups 5, 6, and 7 
Not applicable 





Note: 
1. I, = 25 mA for 1N6611. 
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Table II. Group B Inspection —_—sw. | 


MIL-STD-750 
Examination or Test |Method| _Detaila__ 


















LTPD | Symbol | Min. | Max.| Unit 
15 | | 











































Subgroup 1 
Solderability 
Resistance to solvents 
Subgroup 2 
Thermal shock Test condition A, 
(temperature cycle) T (high) = 100°C; 
25 cycles | 
Hermetic seal Test condition H 
Fine leak | 
Gross Leak | Test condition C or K, 
leak indicator fluid/ 
device maintained at 
100°C +5°C 







Electrical test: 


Luminous intensity I, = 20 mA dc, @ = 0° 





Subgroup 3 


Steady-state-operation 
life 


Electrical test: 


Luminous intensity 





35 mA de, 340 hours, | 
5°C 


I, 
T, 
























I, = 20 mA de," @ = 0° 


Subgroup 4 
Decap internal design 


Test 1 device/0 failure 
- verification oo 






Subgroup 5 
_ (Not applicable) 












Subgroup 6 
High temperature life 
(nonoperating) 


Electrical test: 


Luminous intensity 


T, = 100°C, 340 hours 









I, = 20 mA de," = 0° 





Note: 
1. I, = 25 mA for 1N6611. 
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Table III. Group C Inspection 


MIL-STD-750 | Limits 
Examination or Test | Method LTPD | Symbol | Min. | Max. | Unit 


2 i 


Physical dimensions 2066 


Subgroup 2 10 


Thermal shock 1056 Test condition A 


2 
(glass strain) E 
é 
x 


Terminal strength 2036 | Test condition E 
Hermetic seal 1071 
Fine leak Test condition H 


Gross leak Test condition C or K, 
indicator fluid/device 
maintained at 





100°C +5°C 
Moisture resistance 1021 | Omit initial conditioning 
Electrical test: 
Luminous intensity I, = 20 mA de,'" 6 = 0° 
Subgroup 3 10 
Shock 2016, | Nonoperating, 1500 g's, 


0.5 ms, 5 blows in X1, 
Y1, Z1 orientation. 


Vibration, variable 2056 | Nonoperating 

frequency 

Constant acceleration 2006 | 20,000 g's; X1, Y1, Z1 
| orientation 

Electrical test: 

Luminous intensity I, = 20 mA de," @ = 0° 
Subgroup 4 15 
Salt atmosphere 1041 
(corrosion) , 
Subgroup 5 
(Not applicable) 
Subgroup 6 
Steady-state- 1027 | 1,=35 mA de, 1000 
operation life hours, T, = 25°C 
Electrical test: 

Luminous intensity I, = 20 mA de,'! @ = 0° 
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Table III. Group C Inspection (continued) 


| MIL-STD-750 - | Limits | 
Examination or Test meoa| Dea LTPD | Symbol 


Subgroup 7 
Peak forward pulse t, = 1 us, pps = 300, 
current (transient) total test time = 5 s, 
: L.. = 1.0 A(pk) 


Electrical test: 
Luminous intensity I,, = 20 mA de," 6 = 0° 
Subgroup 8 | 
Peak forward pulse t = 0.5 ms, 
current (operating) ru < 120 mW, T, = 25°C, 
| I, = 60 mA, 500 hours 

Electrical test: 

Luminous intensity I, = 20 mA dc," 6 = 0° 





Note: . 
1. I, = 25 mA for 1N6611. 


Table IV. Group A Inspection for Panel Mount Assemblies 


MIL-STD-150 
Method] Details ___|L-TPD| symbo Min. [ax | Uni 

















Examination or Test 






Subgroup 1 
_ External visual 
examination 













Subgroup 2 
Luminous intensity 






I, = 20 mA de, = 0° 
DC method: I, = 20 mA”! 
DC method: V, = 3 V de 






Forward voltage 





Reverse current 











Subgroup 3 
Resistance to solvents 






Omit solution 2.1d 






Subgroup 4 
Physical dimensions 






Note: 
1. I, = 25 mA for HLMP-0564. 
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Solid State Displays _ 


Hewlett-Packard's line of Solid 
State Displays answers all the 
needs of the designer. From — 
smart alphanumeric displays to 
low cost numeric displays in 
sizes from 3 mm (0.15 in.) to 20 
mm (0.8 in.) and colors of red, 


AlGaAs red, high efficiency red, | 


yellow, and high performance. 
green, the selection is complete. 


Hewlett-Packard's 5 x 7 dot | 
matrix alphanumeric display 
line comes in three character: 
sizes: 3.8 mm (0.15 in.), 5mm 
(0.2 in.), and 6.9 mm (0.27 in.). 
In addition, there are now four — 
colors available for each size: — 
standard red, yellow, high 
efficiency red, and green. This 
wide selection of package sizes © 
and colors makes these products: 
ideal for a variety of 
applications in avionics, 
industrial control, and 
instrumentation. 


The newest addition to HP's 
alphanumeric display line, the 
intelligent eight character, 5.0 
mm (0.2 in.) alphanumeric 
display in the very flexible 5 x 7 
dot matrix font. Product 
features include a low power on- 
board CMOS IC, ASCII decoder, 


the complete 128 ASCII 
character set, and the LED 


drivers. In addition, an on-board 
RAM offers the designer the 


ability to store up to 16 user- 


definable characters, such as 
foreign characters, special _ 
symbols and logos. These 
features make it ideal for 


avionics, medical, telecommuni- 
cations, analytical equipment, 
computer products, office and 


— industrial equipment 


applications. 


Also part of HP's alphanumeric 


_ display line is the large (0.68 in. 


and 1.04 in.) 5 x 7 dot matrix 
alphanumeric display family. 
This family is offered in. 
standard red, high efficiency 


_red, AlGaAs red, and high 


performance green. These 
displays have excellent view- 
ability; the 1.04 inch character 
font can be read at up to 18 
meters (12 meters for the 0.68 
inch display). Applications for 
these large 5 x 7 displays 
include industrial machinery 
and process controllers, weigh- 
ing scales, computer tape drive 
systems, and transportation. 
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Hewlett-Packard's line of 
numeric seven segment displays 
is one of the broadest. From low 
cost, standard red displays to 
high light ambient displays pro- 
ducing 7.5 mcd/segment, HP's 


0.3 in., 0.43 in., 0.56 in., and 0.8 


in. characters can provide a 
solution to every display need. 
HP's product offering includes | 
0.56 in. dual digit displays and 
a line of small package, bright 
0.3 in. displays — the 0.3 in. 
Microbright. HP's broad line of 
numeric seven segment displays 
is ideal for electronic instrumen- 


_ tation, industrial, weighing 


scales, point-of-sale terminals, 
and appliance applications. 
Included in HP's line of 
numeric seven segment displays 
is the Double Heterojunction 
AlGaAs red low current sun- 
light viewable display family. 
This family is offered in the 0.3 
in. Mini, 0.43 in., 0.56 in., and 
0.8 in. package sizes. These 
AlGaAs numeric displays are 
very bright at low drive 
currents — typical intensity of 
650 mcd/segment at 1 mA/ 
segment drive. These displays 


_are ideal for battery operated 


and other low power 
applications. 


Alphanumeric LED Displays 





Page 
Description Application No. 


HDSP-2110 
HDSP-2111 
HDSP-2112 
HDSP-2113 
HDSP-2121 
HDSP-2122 
HDSP-2123 


HDLR-2416 
HDLO-2416 
HDLA-2416 
HDLY-2416 
HDLG-2416 


HPDL-1414 
HPDL-2416 


HCMS-2000 
HCMS-2001 
HCMS-2002 
HCMS-2003 
HCMS-2004 


HCMS-2300 
HCMS-2301 
HCMS-2302 
HCMS-2303 
HCMS-2304 


HDSP-2000 





HDSP-2001 





HDSP-2002 


HDSP-2003 


HDSP-2300 


HDSP-2301 








HDSP-2302 


HDSP-2303 


Bold Type —.New Product 


5.0 mm (0.2 in.) 

5 x 7 Eight Character 
Intelligent Display 
Operating Temperature 
Range: -40°C to +85°C 
HDSP-211X-ASCIl 
HDSP-212X-Katakana 


5.0 mm (0.2 in.) 

5 x 7 Four Character 
Intelligent Display 
Operating Temperature 
Range: -40°C to +85°C 


2.85 mm (0.112 in.) 

4.1 mm (0.16 in.) 

16 Segment Four Character 
Monolithic Intelligent Display 
Operating Temperature 
Range: -40°C to +85°C 


3.8 mm (0.15 in.) 5 x 7 Four 
Character Display 12 pin 
Ceramic DIP 7.6 mm (0.30 in.) 
Operating Temperature 
Range: -40°C to +85°C 


5.0 mm (0.20 in.) 5 x 7 Four 
Character Display 12 pin 
Ceramic DIP 6.35 mm 
(0.250 in.) 

Operating Temperature 
Range: -40°C to +85°C 


3.8 mm (0.15 in.) 5 x 7 Four 
Character Alphanumeric 

12 Pin Ceramic 7.62 mm 
(0.3 in.) DIP with untinted 
glass lens 

Operating Temperature 
Range: -20°C to +85°C 


5.0 mm (0.20 in.) 5 x 7 
Character Alphanumeric 
12 Pin Ceramic 6.35 mm 
(0.25 in.) DIP with untinted 
glass lens 

Operating Temperature 
Range: -20°C to +85°C 
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Orange 

Yellow 

High Efficiency Red 
Green 

Yellow 

High Efficiency Red 
Green 


Red 

High Efficiency Red 
Orange 

Yellow 

Green 


Red 

Yellow 

High Efficiency Red 
Green 

Orange 


Red 

Yellow 

High Efficiency Red 
Green 

Orange 


Red 
Yellow 
High Efficiency Red 


High Performance 
Green 


Red 


Yellow 


High Efficiency Red 


High Performance 
Green 





* Avionics 

¢ Medical 

* Telecommunications 
¢ Analytical Equipment 
* Computer Products 

° Office Equipment 

¢ Industrial Equipment 


¢ Portable Data Entry Devices 
¢ Industrial Instrumentation 

* Computer Peripherals 

¢ Telecommunications 


¢ Portable Data Entry Devices 
* Medical Equipment 

* Industrial Instrumentation 

* Computer Peripherals 

¢ Telecommunications 
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¢ Computer Terminals 

¢ Business Machines 

¢ Portable, Hand-held or 
mobile data entry, read-out, 
or communications 


¢ Avionics 

¢ Ground Support, Cockpit, 
Shipboard Systems 

¢ Medical Equipment 

¢ Industrial and Process control 

* Computer Peripherals and 
Terminals 


¢ Computer Terminals 

¢ Business Machines 

¢ Portable, Hand-held or 
mobile data entry, read-out 
or communications 


For further information see 
Application Note 1016. 


¢ Avionics 

* Ground Support, Cockpit 
Shipboard Systems 

¢ Medical Equipment 

¢ Industrial and Process 
control 

¢ Computer Peripherals 
and Terminals 


For further information see 
Application Note 1016. 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 





Alphanumeric LED Displays (Continued) 


Page 
Device Description Application No. 


HDSP-2490 | 6.9mm (0.27 in.) 5x7 Four | | ¢ High Brightness Ambient 
Character Alphanumeric : Systems : 
HDSP-2491 | 28 Pin Ceramic 15.24 mm neon | * Industrial and Process 
| (0.6 in.) DIP with untinted glass Control | 
-HDSP-2492 | lens 7; High Efficiency Red | * Computer Peripherals 
. | * Ground Support Systems 











HDSP-2493 | Operating Temperature High Performance 
| Range: -20°C to +85°C Green For further information see 
| | | Application Note 1016. 


HDSP-6504 | 3.8mm (0.15 in.) Sixteen | * Computer Terminals 
Segment Four Character | oa * Hand Held Instruments 
Alphanumeric 22 Pin 15.2mm | _ * In-Plant Control Equipment 
(0.6 in.) DIP , » oft _| ¢ Diagnostic Equipment 


HDSP-6508 | 3.8mm (0.15 in.) Sixteen 
Segment Eight Character 
Alphanumeric 26 Pin 15.2 mm | 
(0.6 in.) DIP 


HDSP-6300 | 3.56mm (0.14 in.) | » Computer Peripherals and 
» Ax Sixteen Segment Eight | > Terminals 
Character Alphanumeric | | ¢ Computer Base Emergency 
26 Pin 15.2 mm (0.6 in.) DIP | | | Mobile Units 
"4 « Automotive Instrument 
Panels 
¢ Desk Top Calculators _ 
¢ Hand-Held Instruments: . 


For further information ask 
for Application Note 931. 





Alphanumeric — Systems 


Page 
| ie pecsinien Application = 


por: 6621 | Single Line 16Character, =| 114.30 mm (4. 50 in.) | » Computer Peripherals 
L x 30.48 mm 
(1.20 in.) Hx 
8.12 mm (0.32 in.) D 
















¢ Telecommunications 
¢ Industrial Equipment 
¢ Instruments 


Display Board Utilizing the 
~HPDL-1414 








HDSP-6624 223.52 mm (8.80 in.) 





Single Line 32 Character 


Display Board Utilizing the L x 58.42 mm (2.30 in.) 
_HPDL-2416. H x 15.92 mm 
(0.62 in.) D 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 
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Large Alphanumeric 5 X 7 Displays 


Page 
P/N Description | Color Package Typical |, No. 


HDSP-4701 !| Common Row Anode | Red 17.3 mm (0.68 in.) | 770 pcd/dot 100 mA } 4-62 
HDSP-4703 | Common Row Cathode | Red Dual-in-Line peak 1/5 Duty Factor 
HDSP-L101 | Common Row Anode ‘| AlGaAs Red 0.70 in. H x 1650 jucd/dot 10 mA 
| HDSP-L103 | Common Row Cathode | AlGaAs Red 0.50 in. W x peak 1/5 Duty Factor 
HDSP-L201 | Common Row Anode | High Efficiency Red | 0.26 in. D 2800 jicd/dot 50 mA 
HDSP-L203 | Common Row Cathode | High Efficiency Red peak 1/5 Duty Factor 
HDSP-5401 | Common Row Anode {| Green 2700 jucd/dot 50 mA 
HDSP-5403 | Common Row Cathode | Green peak 1/5 Duty Factor 














Device 












































































HDSP-4401 | Common Row Anode Red 26.5 mm (1.04 in.) | 800 jacd/dot 100 mA 





























HDSP-4403 | Common Row Cathode | Red Dual-in-Line peak 1/5 Duty Factor - 
HDSP-M101 | Common Row Anode ‘| AlGaAs Red 1.10 in. Hx 1850 jicd/dot 10 mA 3 
HDSP-M103 | Common Row Cathode | AlGaAs Red 0.79 in. W x peak 1/5 Duty Factor a. 
HDSP-4501 | Common Row Anode _ | High Efficiency Red | 0.25 in. D 3500 jcd/dot 50 mA = 
HDSP-4503 | Common Row Cathode | High Efficiency Red peak 1/5 Duty Factor < 
HDSP-5101 | Common Row Anode | Green 3100 jucd/dot 50 mA ple 
HDSP-5103 | Common Row Cathode | Green peak 1/5 Duty Factor 3 





Large Alphanumeric 5 X 8 Displays 


Page 
Device P/N Description | Package Typical |, No. 


HDSP-P101 | Common Row Anode _ | AlGaAs Red | 58.4 mm (2.3 in.) | 12000 jcd/dot 4-134 
HDSP-P103 | Common Row Cathode 2.4 in. H x 50 mA Peak 1/5 Duty Factor 
HDSP-P151 | Common Row Anode | 1.5in. Wx 15000 j1cd/dot 

HDSP-P153 | Common Row Cathode | 0.35 in. D 50 mA Peak 1/5 Duty Factor 





| Page 
Description 7 No. 
Soar ses 1 Driver IC and 4 or 8 HDSP-L203 or HDSP-4501 Displays — - a 





Bold Type — New Product 


“Contact your local Sales Representative for information regarding this product. (See Section 9.) 








































High 
Efficiency 
Red . 


270 ped @ 2 mA 






































Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Anode +1. Overflow 
Common Cathode +1. Overflow 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Anode +1. Overflow 

Common Cathode +1. Overflow 


420 cd @ 4 mA 


475 cd @ 4 mA 







7.62 mm (0.30 in.) 
Mini Dual-in-Line ; 
0.5"Hx0.3"W x 0.24" D 


















Common Anode Right Hand Decimal AlGaAs Red | 650 yucd @ 1 mA 
Common Cathode Right Hand Decimal 
Common Anode +1. Overflow 


Common Cathode +1. Overflow 








10.16 mm (0.40 in.) 
Dual-in-Line 
0.51" H x 0.39" W x 0.25" D 






















Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 

Common Cathode Right Hand Decimal 
Universal +1. Overflow 


Common Anode Right Hand Decimal High 
Common Cathode Right Hand Decimal Efficiency . 
Common Anode +1. Overflow Red 
Common Cathode +1. Overflow 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 

Common Anode +1. Overflow 

Common Cathode +1. Overflow 

Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 


AlGaAs Red | 650 ucd @ 1 mA 






















300 p.cd @ 2 mA 








10.92 mm (0.43 in.) 
Dual-in-Line 
0.75" H x 0.5" W x 0.25" D 






















AlGaAs Red | 700 pcd @ 1 mA 
















Common Anode Right Hand Decimal High 
Efficiency 


Red 


370 cd @ 2 mA 







14.2 mm (0.56 in.) 
Dual-in-Line (Single Digit) 
0.67" H x 0.49" W x 0.31" D 








| Page 
Device P/N - | Description : -_ Typical |, No. 
| ——] | HDSP-A101 | Common Anode Right Hand Decimal ~—| AlGaAs Red | 600 ucd @1 mA | 4-72 
: HDSP-A108 | Common Cathode +1. Overflow - 
| HDSP-7511 | Common Anode Right Hand Decimal 
HDSP-7518 | Common Cathode +1. Overflow 
HDSP-A801 | 
HDSP-A808 
HDSP-A901 
_HDSP-A908 
HDSP-F101 
HDSP-F108 
HDSP-E100 
| HDSP-E108 
HDSP-3350 
HDSP-3356 
HDSP-H101 
HDSP-H108 
HDSP-K121 
HDSP-5553 | Common Cathode Right Hand Decimal 
HDSP-5557 | Common Anode +1. Overflow 
HDSP-N101 Common Anode Right Hand Decimal 
HDSP-N103 | Common Cathode Right Hand Decimal 


Low Current Seven Segment Displays 
HDSP-A103_ | Common Cathode Right Hand Decimal — 
HDSP-A107 | Common Anode +1. Overflow 
HDSP-7513 | Common Cathode Right Hand Decimal 
HDSP-7517 | Common Anode +1. Overflow 
HDSP-A803 
HDSP-A807 

~ HDSP-A903 
HDSP-A907 
HDSP-F103 
HDSP-F107 
HDSP-E101 
HDSP-E103 
HDSP-3351 
HDSP-3353 
HDSP-H103 
HDSP-H107 
HDSP-K123 
HDSP-5551 
HDSP-5558 | Common Cathode +1. Overflow 
HDSP-N100 | Common Anode Left Hand Decimal | AlGaAs Red | 590 wcd @ 1 mA 
HDSP-N105 | Common Cathode Left Hand Decimal 

HDSP-N106 | Universal +1.Overflow 
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20 mm (0.8 in.) 
Dual-in-Line 
1.09" H x 0.78" W x 0.33" D 


Bold Type — New Product 


4-6 


Seven Segment Displays 


Page 
Description Typical |, No. 


HDSP-7301 | Common Anode Right Hand Decimal 1100 jucd 
HDSP-7302 | Common Anode Right Hand Decimal, Colon 
HDSP-7303 | Common Cathode Right Hand Decimal 
HDSP-7304 | Common Cathode Right Hand Decimal, Colon 
HDSP-7307 | Common Anode +1. Overflow 
HDSP-7308 | Common Cathode +1. Overflow 





Device 


















































HDSP-7311 | Common Anode Right Hand Decimal 1355 jucd 
HDSP-7313 | Common Cathode Right Hand Decimal @ 20 mA 
HDSP-7317 | Common Anode +1. Overflow 


| HDSP-7318 


HDSP-A151 
HDSP-A153 
HDSP-A157 
HDSP-A158 


HDSP-7501 
HDSP-7502 
HDSP-7503 
HDSP-7504 
HDSP-7507 
HDSP-7508 


HDSP-7401 
HDSP-7402 
HDSP-7403 
HDSP-7404 
HDSP-7407 
HDSP-7408 


HDSP-7801 
HDSP-7802 
HDSP-7803 
HDSP-7804 
HDSP-7807 
HDSP-7808 


Common Cathode +1. Overflow 













Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Anode +1. Overflow 
Common Cathode +1. Overflow 





AlGaAs Red 14 mcd @ 20 mA 
High 980 cd @ 5 mA 
Efficiency 
Red 
_ 

Green 1480 j1cd 

@10mA 






















Common Anode Right Hand Decimal 
Common Anode Left Hand Decimal, Colon 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal, Colon 
Common Anode +1. Overflow 

Common Cathode +1. Overflow 


































Common Anode Right Hand Decimal 
Common Anode Left Hand Decimal, Colon 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal, Colon 
Common Anode +1. Overflow 
Common Cathode +1. Overflow 


























Common Anode Right Hand Decimal 
Common Anode Left Hand Decimal, Colon 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal, Colon 
Common Anode +1. Overflow 

Common Cathode +1. Overflow 







7.62 mm (0.3 in.) 
Microbright 

Dual-in-Line 

0.5" H x 0.3" W x 0.24" D 




























HDSP-F001 | Common Anode Right Hand Decimal 1200 jucd 
imi oy i HDSP-F003 | Common Cathode Right Hand Decimal @ 20 mA 
_— — HDSP-F007 | Common Anode +1. Overflow 
U0, (J | HDSP-Fo08 | Common Cathode +1. Overfiow 




















HDSP-F151 
HDSP-F153 
HDSP-F157 
HDSP-F158 


HDSP-F201 
HDSP-F203 
HDSP-F207 
HDSP-F208 


HDSP-F401 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Anode +1. Overflow 
Common Cathode +1. Overflow 


AlGaAs Red 15.0 med 

@ 20 mA 
High 1200 jucd 
Efficiency @5mA 
Red 



















Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Anode +1. Overflow 

Common Cathode +1. Overflow 


Common Anode Right Hand Decimal 














10.16 mm (0.4 in.) 


Dual-In-Line HDSP-F403 | Common Cathode Right Hand Decimal - 
(Single Digit) _HDSP-F407 | Common Anode +1. Overflow 
0.51" H x 0.39" W x 0.25"D} HDSP-F408 | Common Cathode +1. Overflow 





Bold Type — New Product 
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Seven Segment Displays (Continued) 


Page 
Device P/N Description : Color | Typical |, | No. 

a HDSP-F301 | Common Anode Right Hand Decimal ‘ Yellow 800 ped @5 mA | 4-97 
HDSP-F303 | Common Cathode Right Hand Decimal | 
HDSP-F307 | Common Anode +1. Overflow 
HDSP-F308 | Common Cathode +1 . Overflow 
HDSP-F501 | Common Anode Right Hand Decimal 2100 j1cd 
-HDSP-F503_ | Common Cathode Right Hand Decimal ‘@ 10 mA 

770 ped @ 20 mA| 4-105 


































-HDSP-F507 | Common Anode +1. Overflow 


HDSP-F508 | Common Cathode +1. Overflow 



















5082-7730 
5082-7731 | 

5082-7740 
~ 5082-7736 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Universal +1. Overflow Right Hand Decimal 
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~ 5082-7610 | Common Anode Left Hand Decimal High ~ | 800 cd @ 5 mA 
~ 5082-7611 | Common Anode Right Hand Decimal __. Efficiency 

5082-7613 | Common Cathode Right Hand Decimal _ Red 

5082-7616 | Universal +1. Overflow Right Hand Decimal 

5082-7620 | Common Anode Left Hand Decimal Yellow - 










Common Anode Right Hand Decimal — 
Common Cathode Right Hand Decimal 
Universal +1. Overflow Right Hand Decimal 


5082-7621 
5082-7623 
5082-7626 


HDSP-3600 
_ HDSP-3601 
HDSP-3603 
HDSP-3606 










620 cd @ 5 mA 















Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 

Common Cathode Right Hand Decimal 
Universal +1. Overflow Right Hand Decimal 








7,62 mm (0.3 in.) 
Dual-in-Line 
0.75" H x 0.4" W x 0.18" D 



















5082-7750 
5082-7751 
5082-7760 
- 5082-7756 


HDSP-E150 
- HDSP-E151. 
HDSP-E153 
HDSP-E156 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal _ 
Common Cathode RightHand Decimal 
Universal +1. Overflow Right Hand Decimal 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal . 

Common Cathode Right Hand Decimal 
Universal +1. Overflow Right Hand Decimal — 


| AlGaAs Red = | 







































5082-7650 | Common Anode Left Hand Decimal High 1115 cd @ 5 mA 
~ 5082-7651. | Common Anode Right Hand Decimal Efficiency | 

5082-7653 | Common Cathode Right Hand Decimal Red 

5082-7656 | Universal +1. Overflow Right Hand Decimal | 

























5082-7660 | Common Anode Left Hand Decimal Yellow 
~ 5082-7661 | Common Anode Right Hand Decimal 
5082-7663 . | Common Cathode Right Hand Decimal 


5082-7666 


835 cd @ 5 mA 


Universal +1. Overflow Right Hand Decimal 





HDSP-4600 | Common Anode Left Hand Decimal Green 1750 jicd 
10.92 mm (0.43 in.) HDSP-4601 | Common Anode Right Hand Decimal 7 | @10mA 
Dual-in-Line | HDSP-4603 | Common Cathode Right Hand Decimal | 3 









- 0.75" Hx 0.5"Wx0.25"D | HDSP-4606 | Universal +1. Overflow Right Hand Decimal — 


Bold Type — New Product 
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Seven Segment Displays (Continued) 


HDSP-5301 | Common Anode Right Hand Decimal 
HDSP-5303 | Common Cathode Right Hand Decimal 
HDSP-5307 | Common Anode +1. Overflow 

HDSP-5308 | Common Cathode +1. Overflow 

HDSP-5321 | Two Digit Common Anode Right Hand Decimal 
HDSP-5323 | Two Digit Common Cathode Right Hand Decimal 


HDSP-H151 | Common Anode Right Hand Decimal 
HDSP-H153 | Common Cathode Right Hand Decimal 
HDSP-H157 | Common Anode +1. Overflow 
HDSP-H158 | Common Cathode +1. Overflow 


is 
Typical |, 


1300 icd 4-115 
@ 20 mA 
AlGaAs Red | 16.0 mcd 
@ 20 mA 
High 2800 jcd 
Efficiency @10mA 
Red . 
Yellow 1800 jucd 
@ 10 mA 
Green 2500 jcd | 
@ 10 mA 
1200 jicd 4-125 
@ 20 mA 
AlGaAs Red | 14.0 mcd 
@ 20 mA 


High 7000 jucd 
Efficiency @ 100 mA 
Red peak 1/5 Duty 
Factor 



























































HDSP-5501 
HDSP-5503 
HDSP-5507 
HDSP-5508 
HDSP-5521 
HDSP-5523 


HDSP-5701 
HDSP-5703 
HDSP-5707 
HDSP-5708 
HDSP-5721 
HDSP-5723 


Common Anode Right Hand Decimal 

Common Cathode Right Hand Decimal 

Common Anode +1. Overflow 

Common Cathode +1. Overflow 

Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 


Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 

Common Anode +1. Overflow 

Common Cathode +1. Overflow 

Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 


Common Anode Right Hand Decimal 

Common Cathode Right Hand Decimal 

Common Anode +1. Overflow 

Common Cathode +1. Overflow 

Two Digit Common Anode Right Hand Decimal 
Two Digit Common Cathode Right Hand Decimal 





















14.2 mm (0.56 in.) 
Dual-in-Line (Single Digit) 
0.67" H x 0.49" W x 0.31" D 
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HDSP-5601 
HDSP-5603 
HDSP-5607 
HDSP-5608 
HDSP-5621 
HDSP-5623 


HDSP-3400 
HDSP-3401 
HDSP-3403 
HDSP-3405 
HDSP-3406 






14.2 mm (0.56 in.) 
Dual-in-Line (Dual Digit) 
0.67" H x 1.0" W x 0.31" D 
























Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal — 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal 
Universal +1. Overflow Right Hand Decimal 


|_| 
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J oO 




























HDSP-N150 
HDSP-N151 


Common Anode Left Hand. Decimal 
Common Anode Right Hand Decimal 


++4+4 
+ 


Ca 


eae HDSP-N153 | Common Cathode Right Hand Decimal 
+O] lf: HDSP-N155 | Common Cathode Left Hand Decimal 
+ ot HDSP-N156 | Universal +1. Overflow Right Hand Decimal 














HDSP-3900 
HDSP-3901 
20 mm (0.8 in.) HDSP-3903 
Dual-in-Line HDSP-3905 
1.09" H x 0.78" W x 0.33" D | HDSP-3906 


Common Anode Left Hand Decimal 
Common Anode Right Hand Decimal 
Common Cathode Right Hand Decimal 
Common Cathode Left Hand Decimal 
Universal +1. Overflow Right Hand Decimal 

















Bold Type — New Product 
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Seven ne Displays (Continued) 


| Page 
Device Description Typical |, No. 


(See previous page) HDSP-4200 | Common Anode Left Hand Decimal Yellow 7000 j1cd 
| HDSP-4201 | Common Anode Right Hand Decimal @ 100 mA 
HDSP-4203 | Common Cathode Right Hand Decimal | peak 1/5 Duty 
HDSP-4205 | Common Cathode Left Hand Decimal , | Factor 


HDSP-4206 | Universal +1. Overflow Right Hand Decimal 


HDSP-8600 | Common Anode Left Hand Decimal 
HDSP-8601. | Common Anode Right Hand Decimal 
HDSP-8603 | Common Cathode Right Hand Decimal 
HDSP-8605 | Common Cathode Left Hand Decimal 
HDSP-8606 | Universal +1. Overflow Right Hand Decimal 





High Ambient Light, Seven Segment Displays _ 


_ Typical |, @ 
6 uk _ | 100 mA Peak. 
Description | 7 1/5 Duty Factor 


HDSP-3530 | High Efficiency Red, Common Anode, LHDP _ 7100 jucd/seg 
_ HDSP-3531 | High Efficiency Red, Common Anode, RHDP 

HDSP-3533 | High Efficiency Red, Common Cathode, RHDP 

HDSP-3536 | High Efficiency Red, Universal Polarity Overflow Indicator, RHDP 


| . HDSP-4030 | Yellow, Common Anode, LHDP. 4500 pcd/seg 
7.62 mm (0.3 in.) | HDSP-4031 | Yellow, Common Anode, RHDP 
Dual-in-Line HDSP-4033 | Yellow, Common Cathode, RHDP 
0.75" H x 0.4"W x 0.18"D | HDSP-4036 | Yellow, Universal Polarity Overflow Indicator, RHDP 


HDSP-3730 | High Efficiency Red, Common Anode, LHDP 10900 jucd/seg 
HDSP-3731 | High Efficiency Red, Common Anode, RHDP 
HDSP-3733 | High Efficiency Red, Common Cathode, RHDP 


+ + + 
a howe 


+ + + 
+ 40+ 


HDSP-3736 | High Efficiency Red, Universal Polarity Overflow Indicator, RHDP 


: HDSP-4130 | Yellow, Common Anode, LHDP 
10.92 mm (0.43 in.) | HDSP-4131 | Yellow, Common Anode, RHDP 
Dual-in-Line HDSP-4133 | Yellow, Common Cathode, RHDP. . 
0.75" H x 0.5"Wx0.25"D | HDSP-4136 | Yellow, Universal Polarity Overflow Indicator, RHDP 


HDSP-5531 | High Efficiency Red, Common Anode, RHDP 6000 jucd/seg 
HDSP-5533 | High Efficiency Red, Common Cathode, RHDP 

HDSP-5537 | High Efficiency Red +1. Common Anode 

HDSP-5538 | High Efficiency Red +1. Common Cathode 


= HDSP-5731 | Yellow, Common Anode, RHDP 5500 jucd/seg 
14.2 mm (0.56 in.) HDSP-5733 | Yellow, Common Cathode, RHDP 
Dual-in-Line HDSP-5737 | Yellow, +1. Common Anode | 
0.67" H x 0.49" Wx 0.31" D ee 5738 | Yellow, +1. Common Cathode 





‘Contact your local Sales Representative for information regarding this product. (See Section 9.) 
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Solid State Display Intensity and Color Selections 


Option S01 Intensity and Color Selected Displays 
Option S02 
Option $20 







Publication 
Number 









Hexadecimal and Dot Matrix Displays 


Page 
Device Description Package Application No. 
5082-7300 | Numeric RHDP 8 Pin Epoxy General Purpose Market 
(0.6 in.) DIP « Business Machines 
5082-7302 | Numeric LHDP * Computer Peripherals 
(B) Built-in Decoder/Driver/Memory « Avionics 


ie = 
5082-7304 | Over Range +1 

(D) 
5082-7356 | Numeric RHDP 

(A) Built-in Decoder/Driver/Memory 
5082-7357 | Numeric LHDP 

(B) Built-in Decoder/Driver/Memory 


5082-7359 | Hexadecimal 
(C) Built-in Decoder/Driver/Memory 


5082-7358 | Over Range +1 
(D) 


*Contact your local Sales Representative for information regarding this product. (See Section 9.) 































Hexadecimal 
Built-in Decoder/Driver/Memory 




























8 Pin Glass 
Ceramic 
15.2mm 
(0.6 in.) DIP 


* Medical Equipment 

« Industrial and Process 
Control Equipment 

« Computers 

« Where Ceramic Package 
ICs are required 

¢ High Reliability 

Applications 












vasmezie) TY) 
4x7 Single 


Digit 
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Hexadecimal and Dot Matrix Displays (Continued) 


| Page 
Description Package | Application No. 






HDSP-0760 | Numeric RHDP High Efficiency | * Military Equipment 
(A) Built-in Decoder/Driver/Memory | Red Low Power | « Ground Support 
Equipment 
HDSP-0761 | Numeric LHDP « Avionics 
(B) Built-in Decoder/Driver/Memory * High Reliability 






Applications 








HDSP-0762 | Hexadecimal 
(C) Built-in Decoder/Driver/Memory 


HDSP-0763 | Over Range +1 
(D) | 












High Efficiency 


_U 
E 






HDSP-0770 | Numeric RHDP | ¢ High Brightness 
(A) Built-in Decoder/Driver/Memory | Red High Ambient Systems 
: Brightness | * Cockpit, Shipboard 
HDSP-0771 | Numeric LHDP | ~ Equipment 
(B) Built-in Decoder/Driver/Memory ¢ High Reliability 





Applications 





HDSP-0772 
(C) 
HDSP-0773 | Over Range +1 
— 
~ HDSP-0860 
(A) 


HDSP-0861 
(B) 


HDSP-0862 | Hexadecimal 
— (C) Built-in Decoder/Driver/Memory 


Hexadecimal 
Built-in Decoder/Driver/Memory 









« Business Machines 
* Fire Control Systems 
* Military Equipment 

¢ High Reliability 
Applications 


Yellow 


7.4 mm (0.29 in.) 
4x 7 Single Digit 
Package: 

8 Pin Glass Ceramic 

15.2 mm (0.6 in.) DIP 


Numeric RHDP 
Built-in Decoder/Driver/Memory 









Numeric LHDP 
Built-in Decoder/Driver/Memory 







HDSP-0863 | Over Range +1 


S 












HDSP-0960 | Numeric RHDP 


High « Business Machines 
(A) Built-in Decoder/Driver/Memory | Performance ¢ Fire Control Systems 
Green ¢ Military Equipment 





HDSP-0961 | Numeric LHDP 
(B) Built-in Decoder/Driver/Memory 


* High Reliability 
Applications 






HDSP-0962 
(C) 


Hexadecimal 
Built-in Decoder/Driver/Memory 


HDSP-0963 | Over Range +1 





(D) 
HTIL-311A | Hexadecimal Left Hand or Red ¢ Instrumentation 4-154 
Right Hand Decimal ¢ Computers and 
Built-in Decoder/Driver/ Peripherals 
Memory/Blanking ¢ Status Indicators 


. . 
Talanammuiiniaan Ana 
by UE MVISWVVLEITITEULENCALIVI FO 





Bold Type — New Product 
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Monolithic Numeric Displays 


5082-7404 
5082-7405 





Application 7 


12 Pin Epoxy, Small Display Market 






Description 
2.79 mm (0.11 in.) Red, 
































4 Digits, Centered D.P. 7.62 mm * Portable/Battery 
(0.3 in.) DIP Power Instruments 
a= * Portable Calculators 














2.79 mm (0.11 in.) Red, 
5 Digits, Centered D.P. 


14 Pin Epoxy, 
7.62 mm 


* Digital Counters 
¢ Digital Thermometers 








































(0.3 in.) DIP ¢ Digital Micrometers 
* Stopwatches 
5082-7414 | 2.79 mm (0.11 in.) Red, 12 Pin Epoxy, * Cameras 

4 Digits, RHDP 7.62 mm * Copiers 

(0.3 in.) DIP ¢ Digital Telephone 

Peripherals 

2.79 mm (0.11 in.) Red, 14 Pin Epoxy, + Data Entry Terminals 
5 Digits, RHDP 7.62 mm * Taxi Meters 









5082-7415 
5082-7432 


5082-7433 


Hermetic Displays (see page 4-160) | 
*Contact your local Sales Representative for information regarding this product. (See Section 9.) 


(0.3 in.) DIP 
For further information ask 
for Application Note 937. 











2.79 mm (0.11 in.) Red, 
2 Digits, Right, RHDP 


12 Pin Epoxy, 
7.62 mm 
(0.3 in.) DIP 





2.79 mm (0.11 in.) Red, 
3 Digits, RHDP 
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Eight Character 5.0 mm 
(0.2 inch) Smart 5 X 7 


Alphanumeric Displays 


Technical Data 


Features 

¢ Smart Alphanumeric 
Display 
On-Board CMOS IC 
Built-In RAM 
ASCII or Katakana Decoder 
LED Drive Circuitry 

e 128 ASCII Character Set or 


128 Katakana Character Set 


e 16 User Definable 
Characters 
e Programmable Features 
Individual Flashing 
Character 
Full Display Blinking 
Multi-Level Dimming and 
Blanking 
Self Test 
Clear Function 


¢ Read/Write Capability 

¢ Full TTL Compatibility 

¢ Single 5 Volt Supply 

e Excellent ESD Protection 
° Wave Solderable 

e End Stackable 


Devices 





HDSP-2122 


Orange 


High Efficiency Red 
HDSP-2112 HDSP-2110 HDSP-2111 


Description 


These are eight-digit, 5 x 7 dot 


matrix, alphanumeric displays. 
The 5.0 mm (0.2 inch) high © 
characters are packaged in a 
standard 15.24 mm (0.6 inch) 28 
pin DIP. The on-board CMOS IC 
has the ability to decode 128 
ASCII (Katakana) characters, 
which are permanently stored 
in ROM. In addition, 16 pro- 


_ grammable symbols may be 


stored in on-board RAM. Seven 
brightness levels provide versa- 
tility in adjusting the display 
intensity and power consump- 
tion. The HDSP-211X/-212X is 
designed for standard micro- 
processor interface techniques. 
The display and special features 
are accessed through a bidirec- 
tional eight-bit data bus. These 
features make the HDSP-211X/- 
212X ideally suited for applica- 
tions where a low cost, low 
power alphanumeric display is 
required. 








Yellow 









HNGD_9191 
RBS ed bd 






*Katakana is a simplified version of the Japanese alphabet. 
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Green 
HDSP-2113 ASCII 







LINAN 291099 
LADVL TOLL 


(A eackann 


HDSP-2110 
HDSP-2111 
HDSP-2112 
HDSP 2113 
HDSP-2121 
HDSP-2122 
HDSP-2123 





Applications 

e Avionics 

¢ Computer Peripherals 

e Industrial Instrumentation 


e Medical Equipment 


¢ Portable Data Entry 
Devices 


¢ Telecommunications 
e Test Equipment 





T7417 a 
KNdlaKadalld- 





Package Dimensions 







HP LOGO, 
42.59 (1.677) DATE CODE, LUMINOUS 
INTENSITY CATEGORY & 
COLOR BIN (3) 
PIN PIN 
28 15 
5.26 (0.207) TYP. 
4.81 case 19.58 
(0.189) (0.771) 
9.8 
(0.386) 


PIN 1 IDENTIFIER 
2.88 (0.113) SYM 


} 3.92 
(0.154) 1 YP: 


' | 

| 0.5 (0.020) | 

DIA. | | 
4.79 (+ 0.005) 2.54 (0.100) TYP 

a z (0-180) SY™ , (£0.005) NON-ACCUM. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


NOTES: 

1. UNLESS OTHERWISE SPECIFIED, THE TOLERANCE ON ALL DIMENSIONS IS 0.254 mm (0.010 IN). 
2. DIMENSIONS IN mm (INCHES). 

3. FOR YELLOW AND GREEN ONLY. 


Absolute Maximum Ratings 


Supply Voltage, V,, to Ground™ wo. Ts deeepsestaeeus -0.3 to 7.0 V 
Operating Voltage, V,,, to Ground) eee csesseeteeteseceeeees 5.5 V 
Input Voltage, Any Pin to Ground.............cce cess -0.3 to V,, +0.3 V 
Free Air Operating Temperature Range, T,""............. -45°C to +85°C 
Relative Humidity (non-condensing) ...............:cccsssccessscesessscessneees 85% 
Storage Temperature Range, Tg............ccscssesscseeees -55°C to +100°C 
Maximum Solder Temperature 

1.59 mm (0.063 in.) Below Seating Plane, t <5 sec............... 260°C 
ESD Protection @ 1.5 kQ, 100 pF uu... V, = 4 kV (each pin) 
Notes: 


1. Maximum Voltage is with no LEDs illuminated. 
2. 20 dots ON in all locations at full brightness. 
3. Maximum supply voltage is 5.25 V for operation above 70°C. 





WITH THE HDSP-211X AND HDSP-212X. 
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Pin Function Assignment Table 





ESD WARNING: STANDARD CMOS HANDLING PRECAUTIONS SHOULD BE OBSERVED 





0.25 (0.010) 


2.17 
(0.085) 5’ 


IMAGE PLANE 
(FOR REFERENCE ONLY) 


2.0 (0.08) 


Function 


GND (SUPPLY) | 
GND (LOGIC) 


n” 
Qo. 
fr - 
a) 
ws 
= 
w” 
r=] 
a | 
° 
a. 





SUBSTR. BIAS 
SUBSTR. BIAS 
SUBSTR. BIAS 
A, 

CLS 

CLK 

WR 

V 


DD 





ASCII Character Set HDSP-2110, HDSP-2111, HDSP-2112, HDSP-2113 


0 
0 
0 






2 








«8 





—_ 
o 


0000 






ial | 
[a 






aumonc 










D00000! 
Halt 


BOO 


oosds: 
falat fat tare 














{a 
a] 
a 
ere . 
cane ee 

g0000 


OVMANYFDWDPIO GM2-r7aMS 


ceeaee aoc 
e}6) la) 0: 000 | OO! 
lal ial [m[njal tal ue 
io OF! la] a 
ia] i) [a oou es 
lal ta Is} ooo fe} ja@00 is] 
{a 0 ee: 










Katakana Character Set 


07 
D8 











2 








Ol 


000 





O800085 


CHRATTART 
o000000 

9000000 
CaO! 


Q000000 
O000000 
0000000 


Pigsais.sie.e4 
al 
OOO0000 


etstet | coco 


3 
SL oer BE hcce 


Soacoee 
oO 
0 
OO! 0 


MO 
© 
Oo000000 
Oo 
or 
iO 
iO 


pO) 


++ 
roe 


J 
+t + 
OOS80S800 


OOBOSOO 
e' 


sist 








sage ee 7 
ES 
=a 
Ol 38 | 
i |! 
COBRO Bow y 


oo 
Or 
[s] 


PIRTDARAT CRISES 
8000000 
eeocose 
oc 
Cc 
2 


Q000000 

















fo! 
FX 
fel 8 BB OBO RO a° sie} je] 3 jOO 8 3 als S038 
Be Ss Soe] || Bae | See | F 
t lege! 38 oggg0 § le gog88 st tateiel 5eee0 GOgES 
eagoo Q C0800} o90g0 o8d00} re] Olocope 0eeeD iat lal 
5 6ee05 R tat 7 Be fs co 
fsisisise a Ista sete] 
8 B rete oeacotD 
ie] Stats] reist St ie! 38 . lel sist [s} t oe 
{a} O} 0 
| Ee : 
paper 8 Beas nf og SeBS I ccc. Sees ots 


ooo00 


AMR 
PUREED 


Or 

Oo! 

o000000 

Sgeemco 
3 

OCOCS 


o000 
$83 
fa} 

oO 

Oo 
@00 





EE 
Es 











1101 







Goo 
000 
000 
000 
00a 
te) 
200 
0086 JOO 







29998 : 

aes coeee 

3 i 

=fo0 1899c8 oe 
| ee: 


Recommended Operating Conditions 


Symbol 
aa eC 


Electrical Characteristics Over Operating Temperature Range 
4.5 < Vpnp < 5.5 V (unless otherwise specified) 









Parameter 


Input Leakage = 0 to V,,,, 
(Input without pullup) ee CLK, D,-D,, A,-A, 


Input Current = 0 to V 
(Input with pullup) ot CLS, RST T, WR, 


RD, CE, FL 


_ 8 digits "V" on in all 8 
12 dots/character?#! locations 


Lp 8 digits 
20 dots/character®:?.451 


Input Voltage High 


Input Voltage Low 


1. 

2. Average I, , measured at full brightness. See Table 2 in Control Word Section for I,,,, at lower brightness levels. Peak 
Ip= 28/18 x Typ (#)- 

3. Maximum I, 5 occurs at -55°C. 

4. Maximum I, *(#) = = 355 mA at V,,,, = 5.25 V and IC T, = 150°C. 

5 


. Maximum if oi) = = 375 mA at Vc = 5.5 V and IC T, = 150°C. 
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Optical Characteristics at 25°C"! 
Vop = 5-0 V at Full Brightness | 


High Efficiency Red HDSP-21 12/HDSP-2122 


Luminous Intensity Character ibaa (#). 


Peak Wavelength 
Dominant ceees. 


Orange HDSP-2110 | oS 


Yellow HDSP-21 11/HDSP- 2121 








Peak Wavelength 













Dominant Waves fo 


Symbol . 
Luminous Intensity Character Average (#) med 
Peal panes | 


Note: 
6. Refers to the initial case empetars of the device inediainn prior to the light measurement. 
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AC Timing Characteristics Over Temperature Range 
Vop = 4.5 to 5.5 V unless otherwise specified. 












Reference 


Display Access Time 


Write 





Read 





bacs 


3 t 


CE Chip Enable Active Time?! 


Write 140 
Read 


Chip Enable Active Prior to Rising Edge of?! 
Write 
Read 


Chip Enable Hold Time to Rising Edge of | 
Read/Write Signal! 3! 


| 9 | typ | Data Valid Prior to Rising Edge of Write Signal | 50 
Data Write Hold Time | 200 | ons 









SOUD STATE DISPLAYS 














3 
Chip Enable Active Prior to Valid Data 
Read Active Prior to Valid Data 


Notes: 

1. Worst case values occur at an IC junction temperature of 150°C. 

2. For designers who do not need to read from the display, the Read line can be tied to V,,, and the Write and Chip Enable 
lines can be tied together. — 

3. Changing the logic levels of the Address lines when CE = "0" may cause erroneous data to be entered into the Character 
RAM, regardless of the logic levels of the WR and RD lines. 

4. The display must not be accessed until after 3 clock pulses (110 ps min. using the internal refresh clock) after the rising edge 


of the reset line. 











ee SS Character Flash Rate | a ae | 3 


[7] Self Test Cycle Time 







5. F.. =F... /204 
6 Fs 759g 672 


FL”. QS 
7. ton = 263, 144/F ae 
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Write Cycle Timing Diagram | 


p00 For 
a = pe 
(2) @ 
Yo 
| 


| 


= 


% 


= RRKXEKKKXEKL IN __ KEKE ERE 


INPUT PULSE LEVELS — 0.6 V TO 2.4 V 


Read Cycle Timing Diagram | 













: ‘) Lo} L_. 
OX KAO 
a aes = nee a 





~» KXXXRXEARARAEXEN KKK KKH KKK 


INPUT PULSE LEVELS: 0.6 V TO 2.4V 
OUTPUT REFERENCE LEVELS: 0.6 V TO 2.2 Vv 
OUTPUT LOADING = 1 TTL LOAD AND 100pF 


Relative Luminous Intensity vs. 
Character Font Temperature 


2.85 (0.112) 3.5 
3.0 
c1 C5 










rT bee 
0.76 (0.030) ae z a z =i z a SS ee 
= 9° 2.0 \ 
1 pe 2 sit 
BH Wr 4.81 (0.189) ze 
eer eaN BH fWr m= 
Le Oe Oo oe 
a 7 a8 Be 55-45-35 -15 5 25 45 65 85 
| 


T, - AMBIENT TEMPERATURE - °C 


= = (0.026) TYP 


(Not to Scale) 


yw 
s 
a. 
2 
a 
iad 
= 
< 
ans 
n 
[=] 
= 
eo} 
7p) 





4-21 





Electrical Description 


Pin Function 
RESET (RST, pin 1) 
FLASH (FL, pin 2) 


ADDRESS INPUTS 
(A,-A, pins 3-6, 10) 


CLOCK SELECT 
(CLS, pin 11) 


CLOCK INPUT/OUTPUT 
(CLK, pin 12) 


WRITE (WR, pin 13) 
CHIP ENABLE (CE, pin 17) 
READ (RD, pin 18) 


DATA Bus (D,-D,, 
pins 19, 20, 23-28) 


GND (SUPPLY) (pin 15) 
GND (LOGIC) (pin 16) 
Vpn (POWER) (pin 14) 


Vpp (SUBSTRATE) 
(pins 7-9) 


Description 


Reset initializes the display. 


: FL low indicates an access to the Flash RAM and is unaffected by the 


state of address lines A,-A,, | 


Each location in memory has a distinct address. Address inputs (A,-A,) 
select'a specific location in the Character RAM, the Flash RAM or a 
particular row in the UDC (User-Defined Character) RAM. A,-A, are 


used to select which section of memory is accessed. Table 1 shows the 


logic levels needed to access each section of memory. 


Table 1. Logic Levels to Access Memory | 

| 0 | 0 | UDCAddress Register | Don'tCare 

}o | 1 | upcRAM | RowAddress 

io Gone a Reet + Dest are 
1 


Character RAM Character Address 


This input is used to select either an internal or external clock source. 










Outputs the master clock (CLS = 1) or inputs a clock (CLS = 0) for slave 
displays. 


Data is written into the display when the WR input is low and the 
CE input is low. 


This input must be at a logic low to read or write data to the display and 
must go high between each read and write cycle. 


Data is read from the display when the RD input is low and the CE 
input is low. 


The Data bus is used to read from or write to the display. 


This is the analog ground for the LED drivers. 
This is the digital ground for internal logic. 
This is the positive power supply input. 


These pins are used to bias the IC substrate and must be connected to 
Vpp: These pins cannot be used to supply power to the display. 
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* ASCII Decoder for HDSP-2111 2112 2113 


UDC ADDR Katakana Decoder for HDSP-2121 2122 2123 


REGISTER 


8x8 































































EN DOT 
— EN CHARACTER 
~ RD RAM Do-De DATA 
W WR 
Do-D7 Dp -D7 D, DOT 8 5x7 
Ao-Az Ay-Az DRIVERS CHARACTERS 
A3 RESET 
Aa CHAR ADDR TIMING 
FL 
CE 
FLASH 
CONTROL 
WORD 
enREGISTER SELF SELF ROW DRIVERS 
TEST TEST 
ini TIMING 
VISUAL 
RST 
CLK 
INTENSITY rseael 
CLS {\ FLASH - TIMING 


BLINK AND ROW SET 
RESET CONTROL 


ocs CLOCK 


TIMING 





Figure 1. HDSP-213X Internal Block Diagram. 


SOUD STATE DISPLAYS 





Display Internal Block 
Diagram 

Figure 1 shows the internal 
block diagram of the HDSP- 
211X/-212X display. The CMOS 
IC consists of an 8 byte Charac- 


Character RAM 


Flash RAM 


User-Defined Character RAM 
(UDC RAM) 


User-defined Character 
Address Register 
(UDC Address Register) 


Control Word Register 


_ Character Ram | 
Figure 2 shows the logic levels 


~ needed to access the 


HDSP-211X/-212X Character 
RAM. M. During a normal access 
the CE = "0" and either RD = "0" 
or WR = "0". However, erro-. 

_ neous data may be written into 
the Character RAM if the 
Address lines are unstable when 
CE = "0" regardless of the logic 
levels of the RD or WR lines. _ 
Address lines A,-A, are used to 
select the location in the Char- 
acter RAM. Two types of data 


can be stored in each Character | 


RAM location: an ASCII (Kata- 
kana) code or a UDC RAM. . 
address. Data bit D, is used to 


differentiate between the ASCII | 


(Katakana) character anda 
UDC RAM address. D, = 0 
enables the ASCII (Katakana) 
decoder and D, = 1 enables the 
UDC RAM. D,-D, are used to 
input ASCII (Katakana) data 
and D, -D, are used to innut a 


UDC address. 


ter RAM, an 8 bit Flash RAM,a _ synchronize the decoding and 
128 character ASCII (Katakana) driving of eight 5 x 7 dot matrix 
decoder, a 16 character UDC — characters. The major user 
RAM, a UDC Address Register, accessible portions of the 
a Control Word Register andthe display are listed below: 
refresh circuitry necessary to 


This RAM stores either ASCII (Katakana) character data or a UDC 


RAM address. 


This is a 1 x 8 RAM which stores Flash data. 
This RAM stores the dot pattern for custom characters. 


This register is used to provide the address to the UDC RAM when 


the user is writing or reading a custom character. 


This register allows the user to adjust the display brightness, flash 
individual characters, blink, self test or clear the display. 





RST WR RD ts 
To | 0 | UNDEFINED 
| REE WRITE TO DISPLAY 
| 1 | 0 | READ FROM DISPLAY 
| | 4 {| 4 | UNDEFINED — 


CONTROL SIGNALS 


FL Ag Ag A2 Ar: Ag 
CHARACTER 000 = LEFT MOST 
ADDRESS 111 = RIGHT MOST 


"CHARACTER RAM ADDRESS 





CHARACTER RAM DATA FORMAT 


DIGg DIG; DIG DIG DIG, DIGs DIG_ DIG, 





. SYMBOL IS ACCESSED IN LOCATION 
SPECIFIED BY THE CHARACTER ADDRESS ABOVE 


DISPLAY 
0 = LOGIC 0; 1 = LOGIC 1; X = DO NOT CARE 


Figure 2. Logic Levels to Access the Character RAM. 
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UDC RAM and UDC Address 
Register 

Figure 3 shows the logic levels 
needed to access the UDC RAM 
and the UDC Address Register. 
The UDC Address Register is 
eight bits wide. The lower four 
bits (D,-D,) are used to select 
one of the 16 UDC locations. 
The upper four bits (D,-D,) are 
not used. Once the UDC address 
has been stored in the UDC 
Address Register, the UDC 
RAM can be accessed. 


To completely specify a 5 x 7 
character requires eight write 
cycles. One cycle is used to store 
the UDC RAM address in the 
UDC Address Register. Seven 
cycles are used to store dot data 
in the UDC RAM. Data is 
entered by rows. One cycle is 
needed to access each row. 
Figure 4 shows the organization 
of a UDC character assuming 
the symbol to be stored is an 
"F". A,-A, are used to select the 
row to be accessed and D,-D, 
are used to transmit the row dot 
data. The upper three bits (D,- 
D,) are ignored. D, (least signifi- 
cant bit) corresponds to the 
right most column of the 5 x 7 
matrix and D, (most significant 
bit) corresponds to the left most 
column of the 5 x 7 matrix. 


Flash RAM 

Figure 5 shows the logic levels 
needed to access the Flash 
RAM. The Flash RAM has one 
bit associated with each location 
of the Character RAM. The 
Flash input is used to select the 
Flash RAM. Address lines A,-A, 
are ignored. Address lines A,-A, 
are used to select the location in 
the Flash RAM to store the 
attribute. D, is used to store or 
remove the flash attribute. D, = 
"1" stores the attribute and D, = 
"0" removes the attribute. 


Ast Ce WR FD 
ram 
poof 
ie tae 
Lt a 


CONTROL SIGNALS 


UNDEFINED 

WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 


FL Ag A3 A2 


= 
> 
° 


UDC ADDRESS REGISTER ADDRESS 


Dy Dé Ds D4 D3 D2 Dy Do 


UDC CODE 


UDC ADDRESS REGISTER DATA FORMAT 


a 
m 


ee. 
” 
4 
a: 
+ [lee] 

1) 


UNDEFINED 

WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 


w 
s 
a. 
2 
a 
Ld 
_ 
§ 
— 
?2) 
a 
aa 
oO 
7) 





CONTROL SIGNALS 


FL Ay Aa Ay Ao 


000 = ROW 1 
ROW SELECT | 419 - pow7 


UDC RAM ADDRESS 


Bi: 
eo 


Oo 
a 
o 
ry 
o 
n 
o 
ace 
o 
° 


Oo 
wd 

oO 
o 

Oo 
on 


DOT DATA 


UDC RAM c 
DATA FORMAT c 


1 
0 = LOGIC 0; 1 = LOGIC 1; X = DO NOT CARE 


Aaron 


Figure 3. Logic Levels to Access a UDC Character. 


ccccece 

00000 

LeLLL 

123 4 5 UDC HEX 
D4 D3 Dz Dy Do CHARACTER CODE 
114141 ROW1 «+ # # & 1F 
10000 ROW2 + 10 
10000 ROW3 + 10 
111410 ROW4 ‘+ + «+ « 1E 
10000 ROW5 + 10 
10000 ROW6 «+ 10 
10000 ROW7 + 10 
IGNORED 


0 = LOGIC 0; 1 = LOGIC 1; * = ILLUMINATED LED. 


Figure 4. Data to Load "F" into the UDC RAM. 


When the attribute is enabled 
through bit 3 of the Control 
Word and a "1" is stored in the 
Flash RAM, the corresponding 
character will flash at approxi- 
mately 2 Hz. The actual rate is 
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dependent on the clock fre- 
quency. For an external clock 
the flash rate can be calculated 
by dividing the clock frequency 
by 28,672. 2 


UNDEFINED 

WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 


CONTROL SIGNALS 


Ag A3 


CHARACTER 000 = LEFT MOST 
AODRESS 111 = RIGHT MOST 


FLASH RAM ADDRESS 


Dy De Os Dg D3 D2 D, 


j 
°o 


FLASH RAM DATA FORMAT 
0 = LOGIC 0; 1 = LOGIC 1; X = DO NOT CARE 


Figure 5. Logic Levels to access the Flash RAM. 


Control Word Register 
Figure 6 shows how to access 
the Control Word Register. This 
is an eight bit register which 
performs five functions. They 
are Brightness control, Flash 
RAM control, Blinking, Self 
Test and Clear. Each function is 
independent of the others. How- 
ever, all bits are updated during 
each Control Word write cycle. 


Brightness (Bits 0-2) 

Bits 0-2 of the Control Word 
adjust the brightness of the 
display. Bits 0-2 are interpreted 
as a three bit binary code with 
code (000) corresponding to 
maximum brightness and code 
(111) corresponding toa — 
blanked display. In addition to 
varying the display brightness, 
bits 0-2 also vary the average 
value of I,,. I,, can be calcu- 
lated at any brightness level by 
multiplying the percent bright- 
ness level by the value of I,,,, at 
the 100% brightness level. 
These values of I,,, are shown in 
Table 2. 


Flash Function (Bit 3) 
Bit 3 determines whether the 
flashing character attribute is 
.on or off. When bit 3 is a'"1", the 
output of the Flash KAM 1s 
checked. If the content of a loca- 
tion in the Flash RAM isa"1", 
the associated digit will flash at 





_the clock frequency by 28,672. If 


RST CE WR 


CONTROL SIGNALS 


FL Ag A3 A2 Ay Ao 


CONTROL WORD ADDRESS 


UNDEFINED 
WRITE TO DISPLAY 


UNDEFINED 


REMOVE FLASH AT 


| Dg O03 O2° Dy 


STORE FLASH AT 
SPECIFIED DIGIT LOCATION 


~a ast OOOO 
oo4=300 


1 


0 DISABLE FLASH 


1 ENABLE FLASH 


0 DISABLE BLINKING 
1 ENABLE BLINKING 


0 X NORMAL OPERATION; X IS IGNORED 


READ FROM DISPLAY 


“~o~o~o~0 


100% 


80% — 


53% 
40% 


. 27% 


20% 
13% 


4 X START SELF TEST; RESULT GIVEN IN X 


X=QFAILED X= 1 PASSED 


0 NORMAL OPERATION 
1 CLEAR FLASH AND CHARACTER RAMS 


CONTROL WORD DATA FORMAT 
0 = LOGIC 0; 1 = LOGIC 1; X = DO NOT CARE 


BRIGHTNESS 
CONTROL 
LEVELS 


Figure 6. Logic Levels to Access the Control Word 


Register 


Table 2. Current Requirements at 
Different Brightness Levels 


somtat|9,| 0, [>, 
Ip i ) 






Smee CO OO © 


approximately 2 Hz. For an 
external clock, the blink rate 
can be calculated by dividing 


the flash enable bit of the 
Control Word isa"0",the — 
content of the Flash RAM is 
ignored. To use this function _ 
with multiple display systems 
see the Reset section. 


p= 5.0 V 
rere oee Typ. | Units 





all eight digits of the display. 
When this bit is a "1" all eight 
digits of the display will blink at 
approximately 2 Hz. The actual 
rate is dependent on the clock 
frequency. For an external 
clock, the blink rate can be 
calculated by dividing the clock 
frequency by 28,672. This 
function will override the Flash 


function when it is active. To 


Blink Function (Bit 4) 
Bit 4 of the Control Word is 
used to synchronize blinking of 
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section. 


use this function with multiple 
display systems see the Reset 


Self Test Function (Bits 5, 6) 
Bit 6 of the Control Word Regis- 
ter is used to initiate the self 
test function. Results of the 
internal self test are stored in 
bit 5 of the Control Word. Bit 5 
is a read only bit where bit 5 = 
"1" indicates a passed self test 
and bit 5 = "0" indicates a failed 
self test. 


Setting bit 6 to a logic 1 will 
start the self test function. The 
built-in self test function of the 
IC consists of two internal rou- 
tines which exercises major 
portions of the IC and illumin- 
ates all of the LEDs. The first 
routine cycles the ASCII (Kata- 
kana) decoder ROM through all 
states and performs a checksum 
on the output. If the checksum 
agrees with the correct value, bit 
5 is set to "1". The second rou- 
tine provides a visual test of the 
LEDs using the drive circuitry. 
This is accomplished by writing 
checkered and inverse checkered 
patterns to the display. Each 
pattern is displayed for approxi- 
mately 2 seconds. 


During the self test function the 
display must not be accessed. 
The time needed to execute the 
self test function is calculated by 
multiplying the clock period by 
262,144. For example, assume a 
clock frequency of 58 KHz, then 
the time to execute the self test 
function frequency is equal to 
(262,144/58,000) = 4.5 second 
duration. 


At the end of the self test func- 
tion, the Character RAM is 
loaded with blanks, the Control 
Word Register is set to zeros 
except for bit 5, and the Flash 
RAM is cleared and the UDC 
Address Register is set to all 
ones. 


Clear Function (Bit 7) 

Bit 7 of the Control Word will 
clear the Character RAM and 
the Flash RAM. Setting bit 7 to 
a "1" will start the clear func- 
tion. Three clock cycles (110 us 
min. using the internal refresh 
clock) are required to complete 
the clear function. The display 
must not be accessed while the 
display is being cleared. When 
the clear function has been com- 
pleted, bit 7 will be reset toa 
"0". The ASCII (Katakana) char- 
acter code for a space (20H) will 
be loaded into the Character 
RAM to blank the display and 
the Flash RAM will be loaded 
with "0"s. The UDC RAM, UDC 
Address Register and the re- 
mainder of the Control Word are 
unaffected. 


Display Reset 

Figure 7 shows the logic levels 
needed to Reset the display. The 
display should be Reset on 


Power-up. The external Reset 


clears the Character RAM, 

Flash RAM, Control Word and 
resets the internal counters. 
After the rising edge of the Reset 
signal, three clock cycles (110 us 
min. using the internal refresh 
clock) are required to complete 
the reset sequence. The display 
must not be accessed while the 
display is being reset. The ASCII 
(Katakana) Character code for a 
space (20H) will be loaded into 
the Character RAM to blank the 
display. The Flash RAM and 


RST WR RD FL = Ag-Ap D7-Do 


0 = LOGIC 0; 1 = LOGIC 1; X = DO NOT CARE 
NOTE: 

iF RST, CE AND WR ARE LOW, UNKNOWN 
DATA MAY BE WRITTEN INTO THE DISPLAY. 


Figure 7. Logic Levels to Reset the 
Display. 
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Control Word Register are 
loaded with all "0"s. The UDC 
RAM and UDC Address Register 
are unaffected. All displays 
which operate with the same 
clock source must be simultane- 
ously reset to synchronize the 
Flashing and Blinking functions. 


Mechanical and Elec- 
trical Considerations 
The HDSP-211X/-212X is a 28 
pin dual-in-line package with 26 
external pins, which can be 
stacked horizontally and verti- 
cally to create arrays of any size. 
The HDSP-211X/212X is de- 
signed to operate continuously 
from -45°C to +85°C witha 
maximum of 20 dots on per 
character at 5.25 V. Illuminating 
all thirty-five dots at full bright- 
ness is not recommended. 


The HDSP-211X/-212X is 
assembled by die attaching and 
wire bonding 280 LED chips and 
a CMOS IC to a thermally 
conductive printed circuit board. 
A polycarbonate lens is placed 
over the PC board creating an 
air gap over the LED wire 
bonds. A protective cap creates 
an air gap over the CMOS IC. 
Backfill epoxy environmentally 
seals the display package. This 
package construction makes the 
display highly tolerant to tem- 
perature cycling and allows 
wave soldering. 


The inputs to the IC are pro- 
tected against static discharge 
and input current latchup. How- 
ever, for best results standard 
CMOS handling precautions 
should be used. Prior to use, the 
HDSP-211X/-212X should be 
stored in antistatic tubes or in 
conductive material. During 
assembly, a grounded conductive 
work area should be used, and 
assembly personnel should wear 
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2 
a 
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conductive wrist straps. Lab 
coats made of synthetic material 
‘should be avoided since they are 
prone to static buildup. Input — 
current latchup is caused when 
the CMOS inputs are subjected 
to either a voltage below ground 
(V,_ < ground) or to a voltage 
higher than V,,, (V,, > Vp,) and 
when a high current is forced 
into the input. To prevent input 
current latchup and ESD 
damage, unused inputs should 
be connected either to ground or 
to V,,. Voltages should not be 
applied to the inputs until V,,, 
has been applied to the display. 


Thermal 
Considerations 

The HDSP-211X/-212X has been 
designed to provide a low ther- 
mal resistance path for the | 
CMOS IC to the 26 package 
pins. This heat is then typically 
conducted through the traces of 
the printed circuit board to free 
air. For most applications no 
additional heatsinking is 
required. 


Measurements were made on a 
32 character display string to 
determine the thermal resis- 
tance of the display assembly... 
Several display boards were | 
constructed using 62 mil printed 
circuit material, and one ounce | 
copper 20-mil traces. Some of 
the device pins were connected 
to a heatsink formed by etching 
a copper area on the printed 
circuit board surrounding the 
display. A maximum metalized 
printed circuit board was also 
evaluated. The junction temper- 
ature was measured for displays 
soldered directly to these PC 
boards, displays installed in _ 
sockets, and finally displays . 
installed 3 im sockets With. a Tver 
over the display to restrict air- 
flow. The results of these ther- 


mal resistance measurements, | 
R@,,, are shown in Table 3 and 
include the effects of R6,,. 


Ground Connections 
Two ground pins are provided to 
keep the internal IC logic. 
ground clean. The designer can, 
when necessary, route the ana- 
log ground for the LED drivers. 
separately from the logic ground 
until an appropriate ground 
plane is available. On long 
interconnections between the 
display and the host system, the 
designer can keep voltage drops 
on the analog ground from 
affecting the display logic levels 
by isolating the two grounds. 


The logic ground should be con- 


nected to the same ground > 
potential as the logic interface 
circuitry. The analog ground 
and the logic ground should be 
connected at a common ground 
which can withstand the cur- 
rent introduced by the. switch- . 
ing LED drivers. When separate 
ground connections are used, 
the analog ground can vary | 
from -0.3 V to +0.3 V with re- 
spect to the logic ground. Volt- 
age below -0.3 V can cause all 
dots to be on. Voltage above. 
+0.3 V can cause dimming and 
dot mismatch. 


Soldering and Post 
Solder Cleaning 
Instructions for the 
HDSP-211X/-212X 

The HDSP-211X/-212X may be 
hand soldered or wave soldered 
with SN63 solder. When hand 
soldering it is recommended 
that an electronically tempera- 
ture controlled and securely 
grounded soldering iron be 
used. For best results, the iron 
tip temperature should be set. at 
315°C (600°F). For wave solder- 
ing, a rosin-based RMA flux can 
be used. The solder wave tem- 
perature should be set at 245°C 
+ 5°C (473°F + 9°F), and the 
dwell in the wave should be set 
between 1-1/2 to 3 seconds for 
optimum soldering. The preheat 
temperature should not exceed 
105°C (221°F) as measured on 
the solder side of the PC board. 


Post solder cleaning may be 
performed with a solvent or 
aqueous process. For solvent 
cleaning, Allied Chemical's ... 
Genesolv DES, Baron Blakes- 
lee's Blaco-Tron TES or 
DuPont's Freon TE may be 
used. These solvents are _ 
azeotropes of trichlorotrifluoro- 
ethane FC-113 with low concen- 
trations of ethanol (5%). The 


Table 3. Thermal Resistance, 6,,, Using Various Amounts of 


Heatsinking Material 


Heatsinking 
Metal 
per Device 


Max. Metal 
4 Board 30 
Avg. 
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W/Sockets | W/O Sockets W/Sockets 





maximum exposure time in the 
solvent vapors at boiling tem- 
perature should not exceed 2 
minutes. Solvents containing 
high concentrations of alcohols 
such as methanol, ketones such 
as acetone, or chlorinated sol- 
vents should not be used as they 
will chemically attack the poly- 
carbonate lens. Solvents con- 
taining trichloroethylene (TCE), 
FC-111, FC-112 or trichloro- 
ethylane (TCA) are also not 
recommended. 


An aqueous cleaning process 
may be used. A saponifier, such 
as Kesterbio-kleen Formula 
5799 or its equivalent, may be 
added to the wash cycle of an 
aqueous process to remove rosin 
flux residues. Organic acid flux 
residues must be thoroughly 
removed by an aqueous cleaning 
process to prevent corrosion of 
the leads and solder connec- 
tions. The optimum water tem- 
peratuer is 60°C (140°F). The 
maximum cumulative exposure 
of the HDSP-211X/-212X to 


wash and rinse cycles should 
not exceed 15 minutes. For 
additionsal information on 
soldering and post solder clean- 
ing, see Application Note 1027. 


Contrast Enhancement 
The objective of contrast 
enhancement is to provide good 
readability in the end user's 
ambient lighting conditions. The 
concept is to employ both lumin- 
ance and chrominance contrast 
techniques. These enhance 
readability by having the OFF- 
dots blend into the display back- 
ground and the ON-dots vividly 
stand out against the same 
background. Contrast enhance- 
ment may be achieved by using 
one of the following suggested 
filters. 


HDSP-2112/-2122 

Panelgraphic SCARLET RED 
65 or GRAY 10 

SGL Homalite H100-1670 RED 
or -1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 
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HDSP-2110 

Panelgraphic AMBER 23, 
AMBER 26, or GRAY 10 

SGL Homgalite H100-1709 
AMBER or -1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


HDSP-2111/-2121 

Panelgraphic YELLOW 27 or 
GRAY 10 

SGL Homalite H100-1720 
AMBER or -1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


SGL Homalite H100-1440 
GREEN or -1250 GRAY 
3M Louvered Filter ND0220 

GRAY 


w 

be Te 
HDSP-2113/-2123 B 
Panelgraphic GREEN 48 or Ee 
GRAY 10 o 
=| 
a 





For additional information on 
contrast enhancement see 
Application Note 1015. 
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Four Character 5.0mm (0.2 in.) 
Smart 5x 7 Alphanumeric | 


Displays 
Technical Data 


Features 

e Enhanced Drop-in: Racine 
ment to HPDL-2416 

¢Smart Alphanumeric 
Display : 
Built-in RAM, ASCII Decoder, 
and LED Drive Circuitry 

¢ CMOS IC for Low Power 
Consumption | 

¢ Software Controlled 
Dimming Levels and Blank 

¢ 128 ASCII Character Set 

¢ End-Stackable 

¢ Categorized for Luminous 
Intensity; YELLOW and 
GREEN Categorized for 
Color 

¢ Wide Operating 
Temperature Range 
-40°C to +85°C 

¢ Excellent ESD Protection 

¢ Wave Solderable 

¢ Wide Viewing Angle 
(50° typ) 


Devices: 


Standard Red | High Efficiency Red 


HDLG-2416 


HDLR-2416 









— 


ESD WARNING: STANDA 
| WITH THE HDLX-2416 


HDLO-2416 


tD CMOS HANDLING PRECAUTIONS SHOULD BE OBSERVED 


HDLR-2416 | 
HDLO-2416 
HDLA-2416 
HDLY-2416 
HDLG-2416 


Description 

These are 5.0 mm (0.2 inch) 
four character 5 x 7 dot matrix 
displays driven by an on-board 
CMOS IC. These displays are - 
pin for pin compatible with the 
HPDL-2416. The IC stores and 
decodes 7 bit ASCII data and 
displays it using a 5 x 7 font. 
Multiplexing circuitry, and 
drivers are also part of the IC. 
The IC has fast setup and hold 
times which makes it easy to 
interface to a microprocessor. 





Absolute Maximum Ratings 


Supply Voltage, V,, to Ground” 0... eeecesseseeeeeeees -0.5 V to 7.0 V 
Input Voltage, Any Pin to Ground ....................5 -0.5 V to V,, + 0.5 V 
Free Air Operating Temperature Range, T, ............... -40°C to +85°C 
Relative Humidity (non-condensing) at 65°C ...............cccccesseeeeeees 85% 
Storage Temperature, Ty sisnsscsscsscesoosencussssscesideevesssiecsses -40°C to 100°C 
Maximum Solder Temperature, 1.59 mm 

(0.063 in.) below Seating Plane, t <5 SEC. ..........cccccsceesessseeees 260°C 
ESD Protection, R = 1.5 kQ, C = 100 pF ............. V,, = 2 kV (each pin) 
Note: 


1. Maximum Voltage is with no LEDs illuminated. 


HDLA-2416 HDLY-2416 
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The address and data inputs can 8 level dimming control, external 


be directly connected to the dimming capability, and individ- 
microprocessor address and data __ ual digit blanking. Finally, the 
buses. extended functions can be 


disabled which allows the 
The HDLX-2416 has severalen- HDLX-2416 to operate exactly 
hancements over the HPDL- like an HPDL-2416 by disabling 
2416. These features include an all of the enhancements except 
expanded character set, internal the expanded character set. 


Package Dimensions 


nm. 
Oo. 
| 
row 
“23 
ra) 
- 
i 
an 
~ 
J 
ro) 
” 





IMAGE ual 
152_ 

7 9.060 REF 

PIN 1 IDENTIFIER 


DATE CODE (YEAR, WEEK) 
PART NUMBER Weer 


| LUMINOUS INTENSITY 


COLOR BIN (3) 





| | | | | | 4.06 REF. 
2.41 TL + 
0.095 ed 254 2.54 


| 0.51 + 0.13 0.100 ' 
0.020 £.005 Bs 


CE, Chip Enable GND 

CE, Chip Enable _D, Data Input 
CLR Clear D, Data Input 
CUE Cursor Enable D, Data Input 
CU Cursor Select D, Data Input 
WR Write D, Data Input 

A, Address Input D, Data Input 

A, Address Input D, Data Input 
Von BL Display Blank 


Notes: 

1. Unless otherwise specified the tolerance 
on all dimensions is +0.254 mm (+0.010") 

2. All dimensions are in mm/inches. 

3. For yellow and green displays only. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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Character Set 









a2eeeeon 
2 

2e60080 

e 

s 

evcvces 






1 level. 


2. Low = 0 tevel. 


Notes: 1. High 
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Symbol 


Electrical Characteristics Over Operating Temperature Range 


4.5<V,,<5.5V (unless otherwise specified) 
All Devices 


emia janine aT a | Pe ee 
é Max. 


aap Bik [ing tn | [10 | | 40 | ma | aig inked 

fever LE Te ea 
Vpp = 5-0 V 

aoa Woe Fh | Ve | || ee | 

Ftapatvotagetow | va oxo] | fos v [| 


Test Conditions 
| 130 | 160 | mA | "#"ONinallfour | 
locations 

- Cursor all Ip (CU) 110 135 mA Cursor ON in all 

dots ON @ 50% four locations 
HDLR-2416 _ 

Ip 4 digits Inp (#) mA "iH" ON in all four 

20 dots/character®#! locations 






























I, Cursor I, ,(CU) mA Cursor ON in all 
all dots ON @ 50% four locations 
Notes: 
1. Vpp = 5.0 V 


2. Average I, measured at full brightness. Peak I, = 28/15 x Average I,,(#). 
3. Iyp(#) max. = 130 mA for HDLO/HDLA/HDLY/HDLG-2416 and 146 mA for HDLR-2416 at 125°C IC junction temperature and 
Vi, = 5.5 V. . oe 
DD = os 
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Optical Characteristics at 25°C"! 
Vpp = 5.0 V at Full Brightness 


HDLR-2416 


Parameter syne" a 2 diti j | 
Average Luminous _"*" iluminated in all four digits. 
Intensity per digit, | 19 dots ON 

Character Average 7 | | a 


Peak Wavelength , Mesacee 
Dominant Wavelength”! [a 


HDLO-2416 





Average Luminous 2 - "*" illuminated in all four digits. 
Intensity per digit, 19 dots ON 
Character Average | 


Peak Wavelength 
Sa 


HDLA-2416 





Test Conditions 


Average Luminous "*" jHuminated in all four digits. 
Intensity per digit, | 19 dots ON 


Character Average 


a 
eh _S eS 





HDLY-2416 


[fermwar tat [in [ tn [ils [te emis 


Average Luminous "*" illuminated in all four digits. 
Intensity per digit, 19 dots ON 
Character Average 


55 eae A SN NRE 
Bei Rete [Re [am J 


HDLG-2416 


[Feet Sra [Ua nso 


Average Luminous "*" j]luminated in all four digits. 
Intensity per digit, 19 dots ON 
Character Average 


[Peak Wavelength | free || 68 [om] 
[Dominant Wavelenga®™ | | | ot | am [SSS 


Notes: 

1. Refers to the initial case temperature of the device immediately prior to the light measurement. 

2. Dominant wavelength, 1, is derived from the CIE chromaticity diagram, and represents the single wavelength which defines 
the color of the device. | 
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AC Timing Characteristics Over Operating 
Temperature Range at V,, = 4.5 V 


Se 


Address Setup 
Address Hold 
Data Setup 
Data Hold 


Chip Enable Setup 
Chip Enable Hold 
Write Time 

Clear 

Clear Disable 








TYP 





i¢?) 
> 
| 
os 
a 
Ww 
<< 
5 
Qa 
J 
(o) 
no” 
a : Enlarged Character 
Timing Diagram Font 
CE, 3.43 (0.135) 
cE, 
0.80 (0.031) 7) a S a a 
'-—_g EES 
Ay-Ay.00 EERE EG 
5 Prats 5.08 
BEB i0200) 
i = — eee 2 
at, 2.0V BHEE 
sees seehoaty = a 7 i | 


0.8 ee ans 
NOTES: 


_ 


= 0.80 (0.031) 
TYP 


1. UNLESS OTHERWISE SPECIFIED THE TOLERANCE 
ON ALL DIMENSIONS IS + 0.254 mm (0.010 IN.) 
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2. DIMENSIONS ARE IN MILLIMETRES (INCHES). . 


Electrical Description 


Chip Enable 
(CE, and CE,, 
pins 1 and 2) 





CE, and CE, must be a logic 0 to write to the 
display. 





















When CLR is a logic 0 the ASCII RAM is reset _ 
to 20hex (space) and the Control Register/ 
Attribute RAM is reset to 0Ohex. 


Clear 
(CLR, pin 3) 















Cursor Enable 
(CUE pin 4) 


CUE determines whether the IC displays the 
ASCII or the Cursor memory. (1 = Cursor, 
0 = ASCII). 




















CU determines whether data is stored in the 
ASCII RAM or the Attribute RAM/Control 
Register. (1 = ASCII, 0 = Attribute 


Cursor Select 
(CU, pin 5) 












RAM/Control Register). 
Write WR must be a logic 0 to store data in the 
(WR, pin 6) display. — 
Address A,-A, selects a specific location in the display 
Inputs memory. Address 00 accesses the far right 
(A, and display location. Address 11 accesses the far 


pins 8 and 7) left location. 













Data Inputs D,-D, are used to specify the input data for the 









(D,-D,; - display. 

pins 11-17) | | 

Vop Vpp is the positive power supply input. 
(pin 9) 7 

GND GND is the display ground. oo 


(pin 10) 









BL is used to flash the display, blank the 
display or to dim the display. 


Blanking 
Input 
(BL, pin 18) 
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Display Internal Block 
Diagram | | 

Figure 1 shows the HDLX-2416 
display internal block diagram. 
The CMOS IC consists of a 4 x 7 
Character RAM, a 2 x 4 Attrib- 
ute RAM, a5 bit Control Regis- 
ter, a 128 character ASCII © 
decoder and the refresh circuitry 
necessary to synchronize the 
decoding and driving of four 5 x 7 
dot matrix displays. 


Four 7 bit ASCII words are 
stored in the Character RAM. 
The IC reads the ASCII data 
and decodes it via the 128 
character ASCII decoder. The 
ASCII decoder includes the 64 
character set of the HPDL-2416, 
32 lower case ASCII symbols, 
and 32 foreign areneee sym- 
bols. 


A 5 bit word is stored in the . 
Control Register. Three fields 
within the Control Register 
provide an 8 level brightness 
control, master blank, and ex- 


tended functions disable. 


For each display digit location, 
two bits are stored in the Attrib- 
ute RAM. One bit is used to 
enable a cursor character at 
each digit location. A second bit 
is used to individually disable 
the blanking features at each 
digit location. 


The display is blanked and 
dimmed through an internal 
blanking input on the row 
drivers. Logic within the IC 
allows the user todim the __ 
display either through the BL 
input or through the brightness 
control in the control register. 
Similarly the display can be 
blanked through the BL input, 


4ha AAantaw Dal 2 4h. w MN .2..4—~1 
VALU sAVAQADUULE Vian ih Lis WULLUL U1 


Register, or the Digit Blank 
Disable in the Attribute RAM. 


| $| = a 


Qa 
Cc 


| 3] fo 


Oo 
c 


CHARACTER/CURSOR 
CHARACTER RAM ASCIT DECODER MULTIPLEXER 










CHARACTER 
SELECT 








WRITE 
ADDRESS OUT 





Ao - At 


COLUMN 
DATA 












Do - D6 DATA IN 
CHARACTER/ 
CURSOR 
MULTIPLEXER 










WRITE 





(4x 7} 

























READ 
ADDRESS 


CURSOR 
CHARACTER 





SELECT 





CLR 


ATTRIBUTE RAM 


DIGIT CURSOR 


DIGIT BLANK 
DISABLE 


WRITE ADDRESS 









(2 x 4) 
WRITE 


READ ADDRESS 


” 
s 
a. 
7) 
ra) 
wu 
= 
7) 
a 
a 
ro) 
7) 





CLR 






COLUMN 
DRIVERS 













CONTROL REGISTER 
MASTER 


ROW 
DRIVERS 





DISPLAY 


BRIGHTNESS 
LEVELS 


EXTENDED 
FUNCTIONS 
DISPLAY 










DIGITAL 
DUTY 
CONTROL 


Figure 1. Internal Block Diagram 
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Display Clear 

Data stored in the Character 
RAM, Control Register, and 
Attribute RAM will be cleared if 
the clear (CLR) is held low for a 
minimum of 10 us. Note that 
the display will be cleared re- 
gardless of the state of the chip 
enables (CE,, CE 9): After the 
display is cleared. the ASCII 
code for a space (20hex) is loaded 
into all character RAM locations 
and O0hex is loaded into all 
Attribute RAM/Control Register 
memory locations. 


Data Entry 

Figure 2 shows a truth table for 
the HDLX-2416 display. Setting 
the chip enables (CE,, CE,) to __ 

logic 0 and the cursor select (CU) 
to logic 1 will enable ASCII data 

loading. When cursor select 
















(CU) is set to logic 0, data will be 
loaded into the Control Register 
and Attribute RAM. Address 
inputs A,-A, are used to select 
the digit location in the display. 
Data inputs D, -D, are used to 
load information into the dis- 
play. Data will be latched into 
the display on the rising edge of 
the WR signal. D,-D,, A,-A,, 
CE,, CE,, and CU must be held 
stable during the write cycle to 
ensure that correct data is 
stored into the display. Data 
can be loaded into the display in 
any order. Note that when A, 
and A, are logic 0, data is stored 
in the right most display loca- 
tion. 


Cursor 
When cursor enable (CUE) is a 
logic 1, a cursor will be displayed 


Extended 
Functions 
Disable 


Intensity 
Contrel 







Ox 
Enable 
D, -D, 


000 = 100% 
001 = 60% 
010 = 40% 
O11 = 27% 
100 = 17% 
101 = 10% 
110 = 7% 
111 = 3% 










l= 
Disable 
D, -D, 





D, 
Always 
Enabled 





Digit 1 ASCII Data 


Digit 2 ASCII Data 





Figure 2. Display Truth Table 
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Display Stored Cursor 
Blank Display but do not reset 
RAMS and Control Register 






Blank 
Disable 1 


Disable 3 3 





Digit 0 ASCII Data (Right Most Character) 











Digit 3 ASCII Data (Left Most Character) 


ihe | 


in all digit locations where a 
logic 1 has been stored in the 
Digit Cursor memory in the At- 
tribute RAM. ‘The cursor con- 
sists of all 35 dots ON at half 
brightness. A flashing cursor 
can be displayed by pulsing 
CUE. When CUE is a logic 0, 
the ASCII data stored in the 


Character RAM will be dis- 


played regardless of the Digit 
Cursor bits. 


Blanking 

Blanking of the display is 
controlled through the BL input, 
the Control Register and Attrib- 
ute RAM. The user can achieve 
a variety of functions by using 
these controls in different combi- 
nations, such as full hardware 


display blank, software blank, 


blanking of individual charac- 


Display ASCH 


























Write to Attribute RAM 
and Control Register 

















DBD, = 0, Allows Digit n to be 
blanked 









DBD, = 1 Prevents Digit n 
from Leing blanked. 










DC,,=0 Removes cursor from 
Digit n 





n= 1 Stores cursor at 
a n 


Write to Character RAM 








ters, and synchronized flashing 
of individual characters or entire 
display (by strobing the blank 
input). All of these blanking 
modes affect only the output 
drivers, maintaining the con- 
tents and write capability of the 
internal RAMs and Control 
Register, so that normal loading 
of RAMs and Control Register 
can take place even with the 
display blanked. 


Figure 3 shows how the Ex- 
tended Function Disable (bit D, 
of the Control Register), Master 
Blank (bit D, of the Control 
Register), Digit Blank Disable 
(bit D, of the Attribute RAM), 
and BL input can be used to 
blank the display. 


When the Extended Function 
Disable is a logic 1, the display 
can be blanked only with the BL 
input. When the Extended 
Function Disable is a logic 0, the 
display can be blanked through 
the BL input, the Master Blank, 
and the Digit Blank Disable. 
The entire display will be 
blanked if either the BL input is 
logic 0 or the Master Blank is 
logic 1, providing all Digit 
Blank Disable bits are logic 0. 
Those digits with Digit Blank 
Disable bits a logic 1 will ignore 


Table 1. Current a at Different ag poe Levels 


sombot [,[D,[, | Briekines [26 typ [HOM [as ovr Temp. [ ai 





i) 


ee 





SH = = = CO OC © 
Rr OF Or OF 





EFD MB DBD, BL 





Display Blanked by BL 


Display ON 


| Display Blanked by BL. Individual characters 
"ON" based on "1" being stored in DBD | 


Display Blanked by MB 


Display Blanked by MB. Individual characters 
"ON" based on "1" being stored in DBD, 


Display Blanked by BL 


Display ON 


Figure 3. Display Blanking Truth Table 


both blank signals and remain 
ON. The Digit Blank Disable 
bits allow individual characters 
to be blanked or flashed in syn- 
chronization with the BL input. 


Dimming 

Dimming ofthe displayis —_ 
controlled through either the BL 
input or the Control Register. A 
pulse width modulated signal 
can be applied to the BL input to 
dim the display. A three bit 
word in the Control Register 
generates an internal pulse 
width modulated signal to dim 
the display. The internal 
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dimming feature is enabled only 
if the Extended Function Disable 
is a logic 0. 


Bits 3-5 in the Control Register 
provide internal brightness 
control. These bits are inter- 
preted as a three bit binary code, 
with code (000) corresponding to 
the maximum brightness and 
code (111) to the minimum 
brightness. In addition to 
varying the display brightness, 
bits 3-5 also aid the average 
value of I,, can be specified 
at any ore ene level as shown 
in Table 1: | 


BERR ERE EE 


ig) 
s 
ro 
2% 
ao 
Lu 
rom 
<{ 
wes 
(Fp) 
a 
a 
oO 
Je) 








BL (PIN 18) 
10 kHz 
OUTPUT 





Figure 4. Intensity Modulation 
Control Using an Astable Multivi- 
brator (reprinted with permission 


from Electronics magazine, Sept. 19, 


1974, VNU Business pub. Inc.) 


Figure 4 shows a circuit de- . 
signed to dim the display from 
98% to 2% by pulse width 
modulating the BL input. A 
logarithmic or a linear potenti- 
ometer may be used to adjust 
the display intensity. However, 
a logarithmic potentiometer 
matches the response of the 
human eye and therefore pro- 
vides better resolution at low 
intensities. The circuit fre- . 
quency should be designed to 
operate at 10 kHz or higher. 
Lower frequencies may cause 
the display to flicker. 


Extended Function 
Disable 

Extended Function Disable (bit 
D, of the Control Register) 
disables the extended blanking 
and dimming functions in the 
HDLX-2416. If the Extended 
Function Disable is a logic 1, the 
internal brightness control, 
Master Blank, and Digit Blank 
Disable bits are ignored. How- 


ever the BL input and Cursor 
al Own ats alla atau 


ann tun ™L, 
COmourd: AC Sti GCTuUVC. s11n0 


allows downward compatibility | 


to the HPDL-2416. 


Mechanical and Electri- 
cal Considerations 

The HDLX-2416 is an 18 pin 
DIP package that can be stacked 
horizontally and vertically to 


create arrays of any size. The 
HDLX-2416 is designed to 


operate continuously from -40°C 


to + 85°C for all possible input 
conditions. 


‘The HDLX-2416 is assembled by 


die attaching and wire bonding 
140 LEDs and a CMOS IC toa 
high temperature printed circuit 
board. A polycarbonate lens is 
placed over the PC board creat- 
ing an air gap environment for 


~ the LED wire bonds. Backfill 


epoxy environmentally seals the 
display package. This package 
construction makes the display 
highly tolerant to temperature 
cycling and allows wave solder- 
ing. 


The inputs to the CMOS IC are 
protected against static dis- 
charge and input current 
latchup. However, for best 
results standard CMOS han- 
dling precautions should be 
used. Prior to use, the HDLX- 
2416 should be stored in anti- 
static tubes or conductive mate- 
rial. During assembly a ~ 
grounded conductive work area 
should be used, and assembly 
personnel should wear conduc- 
tive wrist straps. Lab coats. 
made of synthetic material 
should be avoided since they are 
prone to static charge build-up. 


Input current latchup is caused 
when the CMOS inputs are 
subjected either to a voltage 
below ground (V,_ < ground) or to 
a voltage higher ‘than V. p Vin > 
Vpp) and when a high canront 4 is 
torced into the input. ‘l'o prevent 
input current latchup and ESD 
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damage, unused inputs should - 
be connected either to ground or 
to V.... Voltages should not be 
applied to the inputs until Vop 
has been applied to the display: 
Transient input voltages should 
be eliminated. 


Soldering anil Post 
Solder Cleaning 
Instructions for the 
HDLX-2416 

The HDLX-2416 may be hand 
soldered or wave soldered with 
SN63 solder. When hand 
soldering it is recommended that 
an electronically temperature 
controlled and securely 
grounded soldering iron be used. 
For best results, the iron tip 
temperature should be set at 
315°C (600°F). For wave solder- 
ing, a rosin-based RMA flux can 
be used.' The solder wave tem- 
perature should be set at 245°C 
+5°C (473°F +9°F), and dwell in | 
the wave should be set between 
1 1/2 to 3 seconds for optimum 
soldering. The preheat tempera- 
ture should not exceed 110°C 
(230°F) as measured on the 
solder side of the PC board. 


Post solder cleaning may be 
performed with a solvent or 
aqueous process. For solvent 
cleaning, Allied Chemical’s 
Genesolv DES, or DuPont’s 
Freon TE may be used. These 


_ solvents are azeotropes of 

~ trichlorotrifluroethane FC-113 
with low concentrations of 
ethanol (5%). The maximum 


exposure time in the solvent 


vapors. at boiling temperature 


should not exceed 2 minutes. 
Parts should not be handled 
until dry and cool. Solvents 
containing high concentrations 
of alcohols such as methanol, 
Ketones such as acetone or 
chlorinated solvent should not 


be used as they will chemically 
attack the polycarbonate lens. 
Solvents containing trichlo- 
roethane FC-111 or FC-112 and 
trichloroethylene (TCE) are also 
not recommended. 


An aqueous cleaning process 
may be used. A saponifier, such 
as Kester bio-kleen Formula 
5799 or its equivalent, may be 
added to the wash cycle of an 
aqueous process to remove rosin 
flux residues. Organic acid flux 
residues must be thoroughly 
removed by an aqueous cleaning 
process to prevent corrosion of 
the leads and solder connections. 
The optimum water temperature 
is 60°C (140°F). The maximum 
cumulative exposure of the 
HDLX-2416 to wash and rinse 
cycles should not exceed 15 
minutes. For additional infor- 
mation on soldering and post 
solder cleaning, see Application 
Note 1027. 


Contrast Enhancement 
The objective of contrast en- 
hancement is to provide good 


readability in the end user’s 
ambient lighting conditions. 

The concept is to employ both 
luminance and chrominance 
contrast techniques. These 
enhance readability by having 
the OFF-dots blend into the 
display background and the ON- 


HDLR-2416: 


dots vividly stand out against 
the same background. Contrast 
enhancement may be achieved 
by using one of the following 
filters listed below. For addi- 
tional information on contrast 
enhancement, see Application 
Note 1015. 


Panelgraphic RUBY RED 60 


SGL Homalite H100-1605 RED 


3M Louvered Filter R6610 RED or N0210 GRAY 


HDLO-2416: 


HDLA-2416: 


Panelgraphic SCARLET RED 65 or GRAY 10 
SGL Homalite H100-1670 RED or -1266 GRAY 
3M Louvered Filter R6310 RED or N0210 GRAY 


Panelgraphic AMBER 23, AMBER 26 or GRAY 10 
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SGL Homalite H100-1709 AMBER or -1266 GRAY 
3M Louvered Filter A6010 or N0210 GRAY 


HDLY-2416: 


Panelgraphic YELLOW 27 or GRAY 10 


SGL Homalite H100-1720 AMBER or -1266 GRAY 
3M Louvered Filter A5910 AMBER or N0210 GRAY 


HDLG-2416: 


Panelgraphic GREEN 48 


SGL Homalite H100-1440 GREEN 
3M Louvered Filter G5610 GREEN or N0210 GRAY 
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Four Character Smart | 
Alphanumeric Display 


Technical Data 


Features 


e Smart Alphanumeric 
Display 


Built-in RAM, ASCII Decoder 


and LED Drive Circuitry 

e Wide Operating. - 
Temperature Range 
-40°C to +85°C. 

e Fast Access Time 
160 ns | 

e Excellent ESD Piviection 
Built-in Input Protection 
Diodes 

e CMOS IC for Low Power 
Consumption 

e¢ Full TTL Compatibility 
Over Operating 
Temperature Range 
V,, =0.8V 
Vig =2.0V 

¢ Wave Solderable 

e Rugged Package 
Construction 

e End-Stackable 

e Wide Viewing Angle 


Description 

The HPDL-1414 and 2416 are 
smart, four character, sixteen- 
segment, red GaAsP displays. 
The HPDL-1414 has a character 
height of 2.85 mm (0.112"). The 


HPDL-2416 has a character 
height of 4.10 mm (0.160"). The 


on-board CMOS IC contains 


memory, ASCII decoder, 
multiplexing circuitry and 


drivers. The monolithic LED 


characters are magnified by an 
immersion lens which increases 


both character size and 
_ luminous intensity. The 
encapsulated dual-in-line 


package provides a rugged, 
environmentally sealed unit. 


The HPDL-1414 and 2416 
incorporate many improvements 
over competitive products. They 
have a wide operating tempera- 
ture range, very fast IC access 
time, and improved ESD 
protection. The displays are also 
fully TTL compatible, wave 
solderable, and highly reliable. 
These displays are ideally 
suited for industrial and 
commercial applications where 
a good-looking, easy-to-use 
alphanumeric display is 
required. 


HEWLETT 
PACKARD 


G@ 





HPDL-1414 
HPDL-2416 








Typical Applications 


e Portable Data Entry 
Devices 


¢ Medical Equipment 

¢ Process Control 
Equipment 

¢ Test Equipment 

e Industrial Instrumentation 

¢ Computer Peripherals 


e Telecommunication 
Instrumentation 


ESD WARNING: STANDARD CMOS HANDLING PRECAUTIONS SHOULD BE OBSERVED 
WITH THE HPDL-1414 AND HPDL-2416. 
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Absolute Maximum Ratings 


Supply Voltage, V,,, to Ground .......... ccc cscseesesseseeeeees -0.5 V to 7.0 V 
Input Voltage, Any Pin to Ground ................cc008 -0.5 V to V,,, + 0.5 V 
Free Air Operating Temperature Range, T,"............. -40°C to +85°C 
Relative Humidity (non-condensing) at 65°C .............ccccsesssseeeees 90% 
Storage Temperature, Tog ..............ssscssscseesssssssssesssesass -40°C to +85°C 
Maximum Solder Temperature, 1.59 mm (0.063 in.) 

below Seating Plane, t <5 SEC. ............ccccsssessseeceecescesesesseeneees 260°C 
ESD Protection @ 1.5 kQ, 100 pF... V, = 2 kV (each Pin) 
Note: 
1. Free air operating temperature range (HPDL-2416 only): 

T, > 75°C No Cursors On T,<60°C 3 Cursors On 

T, 375°C 1 Cursor On T, 55°C 4 Cursors On 


T, <68°C 2 Cursors On 





wn 
=~ 
, ; 5 
Package Dimensions & 
HPDL-1414 z 
-_ 
17.50 S 
ms 
B 
(0.010 + 0.005) TYP. 
20.10 15.30 
(0.790) (0.600) 









2.85 
oF (0.112) REF- | 
PIN 1 IDENTIFIER 


PART NUMBER 
DATE CODE (YEAR, WEEK) 
LUMINOUS INTENSITY CATEGORY 


FUNCTION 





(0.240) (0.160) D, DATA INPUT 7 | GND 


HPDL 1414 YYWW Z 


D, DATA INPUT D, DATA INPUT 















| WR WRITE D. DATA INPUT 

ae i) = all ee t A, DIGIT SELECT | 10 | D, DATA INPUT 
ODN Oe ave 2.54 TYP A, DIGIT SELECT | 11 | D, DATA INPUT 
(0.020 + 0.005) , (0.100) : D, DATA INPUT 


NOTES: 
1, UNLESS OTHERWISE SPECIFIED, THE TOLERANCE ON ALL DIMENSIONS IS 0.254 mm (0.010 in.). 
2. DIMENSIONS IN mm (inches). 
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HPDL-2416 


25.20 (0.990) 
6.35 (0.250) TYP. 





0.254013 typ. 
(0.010 + 0.005) 






















































20.07 15.3 
(0.790) (0.600) 
fori6o) Aer: , 
es, “alee ieee || 
1 | CE, CHIP ENABLE 10 | GND 
ise: 2 CE, CHIP ENABLE 11. | D, DATA INPUT 
ol (0.160) 3 | CLR CLEAR 12 |D, DATA INPUT 
4 CUE CURSOR ENABLE| 13 D, DATA INPUT 
5 CU CURSOR SELECT | 14 | D, DATA INPUT 
6 | WR WRITE 15 |D, DATA INPUT 
7 | ADDRESS INPUT A, 16 | D, DATA INPUT 
PIN 1 IDENTIFIER 0.514.013 yp. 2.54(0.100) TYP. 8 | ADDRESS INPUTA 17 |D. DATA INPUT 
(0.020 + 0.005) 9 Vv 0 18 —4 


OD 






BL DISPLAY BLANK 


NOTES: 
1. UNLESS OTHERWISE SPECIFIED, THE TOLERANCE ON ALL DIMENSIONS IS 0.254 mm (0.010 in.). 
2. DIMENSIONS IN mm (inches). 









Supply Voltage 


Vop 





Pas | so | ss | v_ 
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DC Electrical Characteristics Over Operating Temperature Range | 


Parameter 


Input Current 
HPDL-1414 


HPDL-2416 


Ip Blank 
HPDL-1414 


HPDL-2416 


Ip 4 Digits ON 
(10 Segments/digit)?*! 
HPDL-1414 
HPDL-2416 
Ip 4 Digits ON Cursor"! | I,,(CU) 
HPDL-2416 
Input Voltage High | We | 
Input Voltage Low ae 
Power Dissipation®! | 


HPDL-1414 
HPDL-2416 


Notes: 

1. V,, = 5.5 V. 

2. "%" illuminated in all four characters. 

3. Measured at five seconds. 

4. Cursor character is sixteen segments and DP ON. 
5. Power Dissipation = (V,,,XI,,) for 10 segments ON. 





Optical Characteristics at 25°C! 


| Sym. | Min. | Typ. | Units | Test Conditions 


Vip = 5-0 V, 
"*" Tluminated in all 







Parameter 










Peak Luminous Intensity per Digit, 
8 segments ON (character average) 
HPDL-1414 


HPDL-2416 


05 

[Peak Wavelength | ns | 

oinan Wavelgih | | [60 om 
fee 










Off Axis Viewing Angle 
HPDL-1414 


HPDL-2416 






Note: 
6. Refers to the initial case temperature of the device immediately prior to the light measurement. 
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AC Timing Characteristics Over tal corns Eee Range at V,, = 4.5 V 
Parameter 7 
Address Setup Time | 
Write Delay Time 
Write Time 
Data Setup Time 


ns [ns 

=a oe 

| 100 {as 

ae poms 

Data Hold Time a ne | 
gs a 

be a 

ae a 

fae So 

i es — ne 


Address Hold Time 
Chip Enable Hold Time” 
Chip Enable Setup Time!! 





310-630 270-550 


Note: 
1. HPDL-2416 only. 


e s e 
Timing Diagram 
CE, 2.0V 
CE 
CE2 0.8 V 
tcEs 
cE, 2.0V 
CE2 0.8V 
tcEH | 
0 2.0V 
CU 0.8 V 
ae 2.0V 
WR 
| 0.8V 
| - two - tw 4 
—f2.0V 
Do-Dg q ) 
0.8V 
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Character Set 






Dg Dg Dy | Ds Dy | HEX 


eee) tee al speial |p Pe L 
posts fo} tie [a iy |s [6 [7819 [7 |Z} = [Nie 
pa eae 

P [PIGIR|S| Tuy} Wix}y¥]Z iC [IN] aA 


Magnified Character Font Description 


WZ 


ZN 


HPDL-1414 






3.100 
(0, 2 











(0. 160) 





<—— 5° REF. 








VIN 


HPDL-2416 





Relative Luminous Intensity vs. Temperature 


|e ae a ee ee ee 
ASE EEE 


3.0 






vo 
ie 






RELATIVE LUMINOUS INTENSITY 


REUSE 
itt ty 
CHEE 
eee ae 


Maat 
es aes 
a 
alee 
Weeds oat 
oe 
ha as 
a! 
Eee 
fae ea 


a 





~40 = -20 0 20 60 80 §=100 


Ta — AMBIENT TEMPERATURE ~— (°C) 
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Electrical Description 
Display Internal Block 
Diagram HPDL-1414 

Figure 1 shows the internal 
block diagram of the HPDL- 
1414. It consists of two parts: 
the display LEDs and the 
CMOS IC. The CMOS IC 
consists of a four-word ASCII 
memory, a 64-word character 
generator, 17 segment drivers, 
four digit drivers, and the 
scanning circuitry necessary to 
multiplex the four monolithic 
LED characters. In normal 


DATA INPUTS (Dg6-Do) 


ADDRESS INPUTS (A1-Ao) 


WRITE (WR) 







INTERNAL 
OSC. 











=4 


operation, the divide-by-four 
counter sequentially accesses 
each of the four RAM locations 
and simultaneously enables the 
appropriate display digit driver. 
The output of the RAM is 
decoded by the character 
generator which, in turn, 
enables the appropriate display 
segment drivers. Seven-bit 
ASCII data is stored in RAM. 
Since the display uses a 64- 


character decoder, half of the 


possible 128 input combinations 
are invalid. For each display 
location where D, = D, in the 


SEGMENT 
DRIVERS 


BLANK 


DIGIT 
4 DRIVERS 4 


fe eB 
10F 4 
DECODER , 






Figure 1. HPDL-1414 Internal Block Diagram. 
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ASCII RAM, the display 
character is blanked. 


Data Entry HPDL-1414 
Figure 2 shows a truth table for 
the HPDL-1414. Data is loaded 
into the display through the 
DATA inputs (D,-D,), 

ADDRESS inputs (A,-A,), and 
WRITE (WR). After a character 
has been written to memory, the 
IC decodes the ASCII data, 
drives the display and refreshes 
it without any external 
hardware or software. 


aN 
VN ZN UN UN 












[WR A: Ag | Ds Ds Dy Dz Dz Dy Dpo|DIG,DIG2DIG,DIGo 


le 
H 
L 
H 





a NC NC NC A 
NC NC B NC 
NC C NC NC 


b 
c 
d DU NC NC NC 
X 


X X| Previously Written 
Data 


L = LOGIC LOW INPUT 
H = LOGIC HIGH INPUT 
X = DON'T CARE 

"a" = ASCI| CODE CORRESPONDING TO SYMBOL “AR” 
NC = NO CHANGE 


Figure 2. HPDL-1414 Write Truth Table. 


Display Internal Block 
Diagram HPDL-2416 

Figure 3 shows the internal 
block diagram for the HPDL- 
2416 display. The CMOS IC 
consists of a four-word ASCII 
memory, a four-word cursor 
memory, a 64-word character 
generator, 17 segment drivers, 
four digit drivers, and the 
scanning circuitry necessary to 
multiplex the four monolithic 
LED characters. In normal 
operation, the divide-by-four 
counter sequentially accesses 
each of the four RAM locations 
and simultaneously enables the 
appropriate display digit driver. 
The output of the RAM is 
decoded by the character 
generator which, in turn, 
enables the appropriate display 
segment drivers. For each 
display location, the cursor 
enable (CUE) selects whether 
the data from the ASCII RAM 
(CUE = 0) or the stored cursor 
(CUE = 1) is to be displayed. 
The cursor character is denoted 
by all sixteen segments and the 
DP ON. Seven-bit ASCII data is 
stored in RAM. Since the 
display utilizes a 64-character 
decoder, half of the possible 128 
input combinations are invalid. 
For each display location where 


memory (CU = 


D, = D, in the ASCII RAM, the 
display character is blanked. 
The entire display is blanked 
when BL = 0. 


Data is loaded into the display 
through the data inputs (D, - 
D,), address inputs (A,, A,), chip 
enables (CE,, CE,), cursor select 
(CU), and write (WR). The 
cursor select (CU) determines 
whether data is stored in the 
ASCII RAM (CU = 1) or cursor 
0). When CE, = 
CE, = WR = 0 and CU = 1, the 
information on the data inputs 
is stored in the ASCII RAM at 
the location specified by the 








address inputs (A,, A,). When 








CE, = CE, = WR = 0 and CU = 
0, information on the data 
input, D,, is stored in the cursor 
at the location specified by the 
address inputs (A,, A,). If D, = 1, 
a cursor character is stored in 
the cursor memory. If D, = 0, a 
previously stored cursor 
character will be removed from 
the cursor memory. 


If the clear input (CLR) equals 
zero for one internal display 
cycle (4 ms minimum), the data 
in the ASCII RAM will be 
rewritten with zeroes and the 
display will be blanked. Note 
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that the blanking input (BL) 
must be equal to logical one 
during this time. 


Data Entry HPDL-2416 
Figure 4 shows a truth table for 
the HPDL-2416 display. Setting 
the chip enables (CE,, CE,) to 
their low state and the cursor 
select (CU) to its high state will 
enable data loading. The desired 
data inputs (D,-D,) and address 
inputs (A,, A,) as well as the 
chip enables (CE,, CE,) and 
cursor select (CU) must be held 
stable during the write cycle to 
ensure that the correct data is 
stored into the display. Valid 
ASCII data codes are shown in 
Figure 1. The display accepts 
standard seven-bit ASCII data. 
Note that D, # D, for the codes 
shown in Figure 4. If D, = D, 
during the write cycle, then a 
blank will be stored in the 
display. Data can be loaded into 
the display in any order. Note 
that when A, =A, = 0, data is 
stored in the furthest right- 
hand display location. 


5 
a. 
B 
a 
hon 
= 
7) 
2 
pa | 
Oo 
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Cursor Entry HPDL-2416 

As shown in Figure 4, setting 
the chip enables (CE,, CE,) to 
their low state and the cursor 
select (CU) to its low state will 
enable cursor loading. The 
cursor character is indicated by 
the display symbol having all 16 
segments and the DP ON. The 
least significant data input 

(D,), the address inputs (A,, A,), 
the chip enables (CE, CE,, CE, »), and 
the cursor select (CU) must be 
held stable during the write 
cycle to ensure that the correct 
data is stored in the display. If 
D, is in a low state during the 
write cycle, then a cursor 
character will be removed at the 
indicated location. If D, is in a 
high state during the write 










DATA INPUTS (Dg-Dj). 









4x7 
ASCII ‘Do 
MEMORY 


6 64x 17 
CHARACTER 
GENERATOR 


Z| 
NJ 


See! 








SEGMENT 


DATA INPUT (Do) DRIVER 






NX 
[7 












WRITE CLEAR READ 


2 
ADDRESS INPUTS (A; -Ag) t 


- CURSOR BLANK 


CURSOR MEMORY 
WRITE READ 


CHIP ENABLES (CE, CE>) 


WRITE (WR) 
CURSOR SELECT (CU) 


CURSOR ENABLE (CUE) 


CLEAR (CLR) 


BLANK (BL) 


+4 10F 4 
COUNTER DECODER 






BLANK 
. 


Figure 3. HPDL-2416 Internal Block Diagram. 
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cycle, then a cursor character All stored cursor characters are displayed by pulsing the cursor 


will be stored at the indicated displayed if the cursor enable enable (CUE). For applications 
location. The presence or (CUE) is high. Similarly, the not requiring a cursor, the 
absence of a cursor character stored ASCII data words are cursor enable (CUE) can be 
does not affect the ASCII data displayed, regardless of the connected to ground and the 
stored at that location. Again, cursor characters, if the cursor cursor select (CU) can be 
when A, =A, = 0, the cursor enable (CUE) is low. The cursor connected to V,,,. This inhibits 
character is stored in the enable (CUE) has no effect on the cursor function and allows 
furthest right-hand display the storage or removal of the only ASCII data to be loaded 
location. cursor characters within the into the display. 


display. A flashing cursor is 


= 
& 


NC NC NC A 
NC NC B NC 
NC EC NC NC 
DNC NC NC 





LoL 
LH 
H L 
H H 
Disable xX xX Previously Written 
Data Data 
Memory 
Write 
L L X %® X XX xX X oH 
L H}X X xX xX xX X oH 
H L}X xX xX X xX X H 
H Hi} X KX xX X xX X oH 
fb ob | X& © X xX xX X [ 
L H}X xX X X xX X L 
Fle * SBy i 96 X WX X xX X ls 
H Hy] X X MX X xX X LE 
Disable xX xX X X X X X X XX] Previously Written 
Cursor Cursor 
Memory 
L = LOGIC LOW INPUT “a” = ASCIlL CODE CORRESPONDING TO SYMBOL “FRR” 
H = LOGIC HIGH INPUT NC = NO CHANGE 
X = DON’T CARE wa = CURSOR CHARACTER (ALL SEGMENTS ON) 


Figure 4a. Cursor/Data Memory Write Truth Table. 










Display previously written data. 
Display previously written Cursor 


1 Clear data memory, cursor memory 
J 
unchanged 





*NOTE: CLR should be held low for 4 ms 
following the last WRITE cycle to ensure 
all data is cleared. 


Blanking; L X X X X X X 


Figure 4b. Displayed Data Truth Table. 






Blank display, data and cursor 
memories unchanged. 
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Display Clear HPDL-2416 

As shown in Figure 4, the ASCII 
data stored in the display will 
be cleared if the clear (CLR) is | 
held low and the blanking input 
(BL) is held high for 4 ms 
minimum. The cursor memory 
is not affected by the clear _ 
(CLR) input. Cursor characters 
can be stored or removed even 
while the clear (CLR) is low. 
Note that the display will be 
cleared regardless of the state of 
the chip enables (CE,, CE,). 
However, to ensure that all four 





_ display characters are cleared, 


CLR should be held low for 4 ms 


following the last write cycle. 


Display Blank HPDL-2416 
As shown in Figure 4, the 
display will be blanked if the 
blanking input (BL) is held low. 
Note that the display will be 
blanked regardless of the state 


__of the chip enables (CE,, CE,) or 


write (WR) inputs. The ASCII 
data stored in the display and 
the cursor memory are not — 
affected by the blanking input. 
ASCII data and cursor data can 
be stored even while the blank- 
ing input (BL) is low. Note that 
while the blanking input (BL) is 
low, the clear (CLR) function is 
inhibited. A flashing display can 
be obtained by applying a low 
frequency square wave to the 
blanking input (BL). Because 
the blanking input (BL) also 
resets the internal display 


- multiplex counter, the frequency 
~ applied to the blanking input 


(BL) should be much slower 


~ than the display multiplex rate. 


Finally, dimming of the display 
through the blanking input (BL) 
is not recommended. 


_ For further application 


anfawemoatian mlanan aanawle 
SALAVELAMGAUIVIL NITED VYULIDULU 


Application Note 1026. 


Optical Considerations/ 
Contrast Enhancement 
The HPDL-1414 and HPDL- 
2416 displays use a precision 
aspheric immersion lens to 
provide excellent readability 
and low off-axis distortion. For 
the HPDL-1414, the aspheric 
lens produces a magnified 
character height of 2.85 mm 
(0.112 in.) and a viewing angle 
of +40°. For the HPDL-2416, the 
aspheric lens produces a | 
magnified character height of 
4.1 mm (0.160 in.) anda 
viewing angle of +50°. These 
features provide excellent 
readability at distances up to 
1.5 metres (4 feet) for the 
HPDL-1414 and 2 metres (6 
feet) for the HPDL-2416. 


Each HPDL-1414/2416 display 
is tested for luminous intensity 
and marked with an intensity 
category on the side of the 
display package. To ensure 
intensity matching for multiple 
package applications, mixing 
intensity categories for a given 
panel is not recommended. 


The HPDL-1414/2416 display is 
designed to provide maximum 
contrast when placed behind an 
appropriate contrast enhance- 
ment filter. Some suggested 
filters are Panelgraphic Ruby 
Red 60, Panelgraphic Dark Red 
63, SGL Homalite H100-1650, 
Rohm and Haas 2423, Chequers 
Engraving 118, and 3M R6510. 


_ For further information on 


contrast enhancement, see 
Hewlett-Packard Application 
Note 1015. 


Mechanical and 
Electrical , 
Considerations 

‘The HPDL-1414/2416 are dual | 
in-line packages that can be 
stacked horizontally and 
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vertically to create arrays of any © 
size. These displays are designed 
to operate continuously between 
-40°C to +85°C with a maximum 
of 10 segments on per digit. 


During continuous operation of | 
all four Cursors the operating 
temperature should be limited 
to -40°C to +55°C. At tempera- 
tures above +55°C, the 
maximum number of Cursors 
illuminated continuously should 
be reduced as follows: No 
Cursors illuminated at operat- 
ing temperatures above 75°C. 
One Cursor can be illuminated 
continuously at operating | 
temperatures below 75°C. Two 
Cursors can be illuminated | 
continuously at operating 
temperatures below 68°C. Three 
Cursors can be illuminated 
continuously at operating 
temperatures below 60°C. 


The HPDL-1414/2416 are 
assembled by die attaching and © 
wire bonding the four GaAsP/ 
GaAs monolithic LED chips and 
the CMOS IC to a high 
temperature printed circuit 
board. An immersion lens is 
formed by placing the PC board 
assembly into a nylon lens filled 
with epoxy. A plastic cap creates 
an air gap to protect the CMOS 
IC. Backfill epoxy environment- 
ally seals the display package. 
This package construction 
provides the display with a 

high tolerance to temperature 
cycling. | 


The inputs to the CMOS IC are 
protected against static 
discharge and input current 
latchup. However, for best 
results standard CMOS 
handling precautions should be 
Used. PridT tO USE, tHE LIP DL- 


1414/2416 should be stored in 


anti-static tubes or conductive 
material. During assembly a 
grounded conductive work area 
should be used, and assembly 
personnel should wear conduc- 
tive wrist straps. Lab coats 
made of synthetic material 
should be avoided since they are 
prone to static charge build-up. 
Input current latchup is caused 
when the CMOS inputs are 
subjected either to a voltage 
below ground (V,,, < ground) or 
to a voltage higher than V,,, 
(Vy > Vpp) and when a high 
current is forced into the input. 
To prevent input current 
latchup and ESD damage, 
unused inputs should be 
connected either to ground or to 
Vpp: Voltages should not be 
applied to the inputs until V,,, 
has been applied to the display. 
Transient input voltages should 
be eliminated. 


Soldering and Post 
Solder Cleaning 
Instructions 

The HPDL-1414/2416 may be 
hand soldered or wave soldered 
with SN63 solder. Hand solder- 
ing may be safely performed 
only with an electronically 
temperature-controlled and 
securely grounded soldering 
iron. For best results, the iron 
tip temperature should be set at 
315°C (600°F). For wave 
soldering, a rosin-based RMA 
flux can be used. The solder 
wave temperature should be 
245°C + 5°C (473°F + 9°F), 
and the dwell in the wave 
should be set at 1-1/2 to 3 
seconds for optimum soldering. 
Preheat temperature should not 
exceed 93°C (200°F) as 
measured on the solder side of 
the PC board. 


Post solder cleaning may be 
performed with a solvent or 
aqueous process. For solvent 
cleaning, Allied Chemical 
Genesolv DES, Baron Blakeslee 
Blaco-Tron TES or DuPont 
Freon TE can only be used. 
These solvents are azeotropes of 
trichlorotrifluoroethane FC-113 
with low concentrations of 
ethanol (5%). The maximum 
exposure time in the solvent 
vapors at boiling temperature 
should not exceed 2 minutes. 
Solvents containing high 
concentrations of alcohols, pure 
alcohols, isopropanol or acetone 
should not be used as they will 
chemically attack the nylon 
lens. Solvents containing 
trichloroethane FC-111 or FC- 
112 and trichloroethylene (TCE) 
are not recommended. 


An aqueous cleaning process is 
highly recommended. A 
saponifier, such as Kester-Bio- 
kleen Formula 5799 or equiva- 
lent, may be added to the wash 
cycle of an aqueous process to 
remove rosin flux residues. 
Organic acid flux residues must 
be thoroughly removed by an 
aqueous cleaning process to 
prevent corrosion of the leads 
and solder connections. The 
optimum water temperature is 
60°C (140°F). The maximum 
cumulative exposure of the 
HPDL-2416 to wash and rinse 
cycles should not exceed 15 
minutes. 


4-53 


” 
: 
a. 
7) 
ras) 
ud 
= ‘ 
a 
r=) 
| 
fo} 
77) 





CMOS 5x7 Alphanumeric 


Displays 
Technical Data 


Features 

¢ On-Board Low Power 
CMOS IC: 
Integrated Shift Register with 
Constant Current LED 
Drivers 

e Wide Operating 
Temperature Range: 
-40°C to +85°C 

¢ Compact Glass Ceramic 
4 Character Package: 
HCMS-200X Series End 
Stackable 
HCMS-230X Series 
X-Y Stackable 

¢ Five Colors: 
Standard Red 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 

e 5 X 7 LED Matrix 
Displays Full ASCII Set 


e Two Character Heights: 
3.8mm (0.15 inch) 
5.0mm (0.20 inch) 

e Wide Viewing Angle: 
X Axis = + 50° 
Y Axis = + 65° 

e Long Viewing Distance: 
HCMS-200X Series to 2.6 
Meters (8.6 Feet) 
HCMS-230X Series to 3.5 
Meters (11.5 Feet) 


¢ Categorized for Luminous 
Intensity 


e HCMS-2001/-2003, 
HCMS-2301/-2303: 
Categorized for Color 


Typical Applications 
¢ Commercial Avionics _ 
¢ Instrumentation _ 

¢ Medical Instruments 

e Business Machines | 


Description 


The HCMS-200X and HCMS- 
230X series are 5x7 LED four 
character displays contained in 
12 pin dual-in-line packages 
designed for displaying alpha- — 
numeric information. The char- 
acter height for the HCMS-200X 
series displays is 3.8mm (0.15 


Display Selection Table 


























HCMS-2004 














HIONMNG_ 9O9NA 


BRAN AVLAS CD wr 


Part Number Character Size LED Color | | 


HCMS-2000 | 3.8 mm (0.15 inch) 
HCMS-2001 | 3.8 mm (0.15 inch) 
HCMS-2002 3.8 mm (0.15 inch) 
HCMS-2003 | 3.8 mm (0.15 inch) 


3.8 mm (0.15 inch) 


HCMS-2300 | 5.0 mm (0.20 inch) 

HCMS-2301 | 5.0mm (0.20 inch) | Yellow 

HCMS-2302 | 5.0mm (0.20 inch) | High-Efficiency Red — 
HCMS-2303 | 5.0mm (0.20 inch) | High-Performance Green 


O.V LIAL (UL. U LCi) 


HEWLETT 
PACKARD 


G; 





HCMS-200X Series 
HCMS-230X Series - 





inch), and for the HCMS. 230X 
series displays the character 
height is 5.0mm (0.20 inch). 
These displays are available in 
all five LED colors: standard 
red, high efficiency red, orange, 
yellow and high performance 
green. The HCMS-200X series 
displays are end stackable and 
the HCMS-230X series displays 
are end/row stackable. 


Standard Red 

Yellow | 
High-Efficiency Red 
High-Performance Green 
range 









2 Standard Red 








1N~- ~~ 
| vialipe 


ESD WARNING: STANDARD CMOS HANDLING PRECAUTIONS SHOULD BE OBSERVED. 
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on-board shift register for each 
refresh cycle. Full character 
display is achieved with external 
column strobing. 


These displays are designed 
with on-board CMOS integrated 
circuits for use in applications 
where conservation of power is 
important. The two CMOS ICs 
form an on-board serial-in- 
parallel-out 28-bit shift register 
with constant current output 
LED row drivers. Decoded 
column data is clocked into the 


Compatibility with HDSP- 
200X/230X TTL IC Series 
Displays 

The HCMS-200X, HCMS-230X 
CMOS IC displays are “drop-in” 


Package Dimensions 


17.75 
(0.699) 
MAX. 37 
2.11 . 
REF (0.146) REF. 


(0.083) , 


ieee SEE NOTE 3 















7.25 
(0.290) 


| | 4.44+0.13 
PIN 1 MARKED BY DOT (0.175+0.005) 


ON BACK OF PACKAGE 1.2740.13 


5.08 
(0.200) TEA 
(0.100) 
6.85 
| (0.270) 
SEATING | 
PLANE oe 
| 0.010:0.003) || 
1.27 2.5440.13 i ve 7.62 
(0.050) (0.100+0.005) ; (0.300) 
0.54+0.08 TYP. 
(0.020:0.003) NON ACCUM. 


HCMS-200X Series 


COLOR BIN 


1.27 
(0.050) 











C23 ca ca 
[ atetiete | 


pelo = SEE NOTE 3 | 


8.43 


(0.332) 
2.797 0.13 


5 6 (0.110+0.005) 
5.0040.13 
(0.197+0.005) 






PIN 1 MARKED BY DOT 
ON BACK OF PACKAGE 


LUMINOUS INTENSITY 
1.2740.13 CATEGORY 


(0.050+0.005) 





0.25+0.08 


(0.010+0.003) ss 


NOTES: 1. 
| : 


2.54+0.13 
(0.100+0.005) TYP. 0.54+0.08 6.35+0.25 
NON ACCUM. (0.020+0.003) (0.250+0.010) 


WwW 


HCMS-230X Series 
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[PIN | FUNCTION | PIN | FUNCTION | 










* DO NOT CONNECT OR USE 





replacements for the equivalent 
HDSP-200X, HDSP-230X TTL 
IC displays. The 12 pin glass/ 
ceramic package configuration, 
four digit character matrix and 
pin functions are identical. 


COLUMN 1 
COLUMN 2 
COLUMN 3 
COLUMN 4 
COLUMN 5 
INT. CONNECT* 


DATA OUT 
VB 

Vop 
CLOCK 
GROUND 
DATA IN 










n 
5 
a 
7) 
ra} 
ra 
hd 
7) 
a 

=] 
ro) 
7) 





2 


1.78 
(0.070) 


PART NUMBER 








DATE CODE 


COLUMN 1 
COLUMN 2 


DATA OUT 
VB 

Vop 
CLOCK 
GROUND 
DATA IN 


COLUMN 3 
COLUMN 4 
COLUMN 5 
INT. CONNECT* 


* DO NOT CONNECT OR USE 


DIMENSIONS IN MILLIMETRES (INCHES) 


. UNLESS OTHERWISE SPECIFIED THE 


TOLERANCE ON ALL DIMENSIONS IS 
+0.38 mm (+0.015). 


. CHARACTERS ARE CENTERED WITH 


RESPECT TO LEADS WITHIN +£0.13mm (+0.005”). 


. LEAD MATERIAL IS COPPER ALLOY, 


SOLDER DIPPED. 





Absolute Maximum Ratings _ 


Supply Voltage V_, to Ground...........sccesseeeeessssesenenees -0.3 V to 7.0 V 
Data Input, Data Output, Vy, ........ccceessscsseesserseseeseeteenees -0.3 V to V,, 
Column Input VOMA RC Vig ssa secrete uses eth ees uae -0.3 V to V,, 
Free Air Operating Temperatute Range; Ty s.icsisssnisens -40°C to +85°C 
Storage Temperature Range, T, ............scssssesenseeees -55°C to +100°C 
Maximum Allowable Package Power Dissipation, P,7! 
HCMS-2000/-2001/-2002/-2003/-2004 at T, = 78°C ............ 0.79 Watts . 
HCMS-2300 at T, = 85°C ........csccsssssssecessessceeseseseseenenescecsees Oe 79 Watts 
HCMS- 2301/-2302/-2303/-2304 at T, = BBO dine ascidian 0.92 Watts 
Maximum Solder Temperature 

1.59 mm (0.063") Below Seating Plane, t < 5 See ..........ccessesseees 260°C 
ESD Protection @ 1.5 kQ, 100 pF uu... eee V, = 4 kV (each pin) 
Notes: 


1. oe allowable power dissipation is derived from V,, = 5.25 V, V,= 2.4 V, 
= 3.5 V, 20 LEDs on per character, 20% DF. 
2. 1 power dissipation for these displays should be derated as follows: 
HCMS-200X series derate above 78°C at 18 mW/°C, R@, , = 60°C/W.. 
ae 230X series may be operated without derating up to T, = 85°C, 
= 45°C/W. 
peralitge based on R60... = B5°C/W per display for printed circuit board assembly. 
See Figure 1 for power  Yerating. 


Recommended Operating Conditions Over 
Operating Temperature mange (-40°C to +85°C) 


Symi [em [a To 


Supply Voltage | 5.00 
Data Out Current, Low State 

Data Out Current, High State 

Column Input Voltage 


Setup Time 

Hold Time 

Clock Pulse Width High 
Clock Pulse Width Low. 
Clock High to Low Transition 
Clock Frequency | 
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Electrical Characteristics Over Operating Temperature Range 
-40°C to +85°C) 


Supply Current, Dynamic" | ieee forock = 5 MHz 


Ly psott V3, = 0.4 V : 
i Vz, = 2.4 V | 2. 














: 


; mA 


noe | OD 
bt Cc} MY 


pl WN A 
CO] wai! eo 
E 










Supply Current, Static! 


e 
. 


Column Input Current 














Vz = 0.4 V 
HCMS-2000/-200 1/-2002/-2003/-2004 I, V,=2.4V 310 | 384 
HCMS-2300 V,=2.4V 310 | 384 | mA 
HCMS-2301/-2302/-2303/-2304 V3 =2.4V 360 | 451 | mA 
Input Logic High V, 







OL 
o Vopp = 4.75 V 2.0 
Data, V,, Clock 
Input Logic Low Vie Vpp = 9-25 V 
Data, V,, Clock 


Input Current Vpp = 5.25 V 
Data, Clock 0<V<5.25V 
V. 0<¥<5.25V 


B 


Data Out Voltage 





SOLID STATE DISPLAYS 






aN 
iw) 


NY) Re 
ml OO 





c—) 
bo 











Power Dissipation 


Per Package! Vpp = 5.0 V 


HCMS-2000/-2001/-2002/-2003/-2004 Yoo, = 3-5 V 414 
HCMS-2300 17.5% DF 414 
HCMS-2301/-2302/-2303/-2304 V,=2.4V 481 


15 LEDs ON 
per Character 






Thermal Resistance 
IC Junction-to-Pin"™! 
HCMS-2000/-200 1/-2002/-2003/-2004 
HCMS-2300/-230 1/-2302/-2303/-2304 


25 
10 


*All typical values specified at V,, = 5.0 V and T, = 25°C. 


Notes: 

1.1, Dynamic is the IC current while clocking column data through the on-board shift register at a clock frequency of 5MHz, 
the display is not illuminated. 

2.1, Static is the IC current after column data is loaded and not being clocked through the on-board shift register. 

3. Four characters are illuminated with a typical ASCII character composed of 15 dots per character. 


4. IC junction temperature T,(IC) = (P,XR6, py + RO,,.4) + Ta 
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Optical Characteristics at T, = 25°C 
Standard Red HCMS-2000/-2300 


Description 

























Peak Luminous Vop = 5.0 V 
| Intensity per HCMS-2000 Voor = 3-5 V 
LED®91 HCMS-2300 V3 =24V 
| (Character Average) T, = 25°C") 


Dominant Wavelength!®! 
Peak Wavelength | : 


Yellow HCMS-2001/-2301 


Symbol 


Peak Luminous 
Intensity per HCMS-2001 
LED®.9! ~ HCMS-2301 
(Character Average) 


Dominant Wavelength!®®! 
Peak Wavelength 


High Efficiency Red HCMS-2002/-2302 





















| : 



























Peak Luminous Vop = 5.0 V 
Intensity per HCMS-2002 Voor = 3-5 V 
LED®.9! HCMS-2302 V3, =24V 
(Character Average) T, = 25°C™ 






Dominant Wavelength |g | 
Peak Wavelength 






oN 
| 
on 
S 
= 







Symbol | Test Condition 


















Peak Luminous Vop = 9:0 V 
Intensity per HCMS-2003 | Voot = 3-5 V 
LED®.91 HCMS-2303 | ae V2 = 2.4V 
(Character Average) T, = 25°C 
Dominant Wavelength!®*! 

Peak Wavelength 
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Peak Luminous Vyp = 5-0 V 
Voor = 3-5 V 400 1430 
es V,=24V 650 1430 
(Character Average) T, = 25°C™ 
*All typical values specified at V),, = 5.0 V and T, = 25°C unless otherwise noted. 
back of the package. 
7. T, refers to the initial case temperature of the display immediately prior to the light measurement. 


Orange HCMS-2004/-2304 
Symbol | Test Condition | Min | Typ. 
Intensity per HCMS-2004 
LED®91 HCMS-2304 
Notes: 
5. These LED displays are categorized for luminous intensity, with the intensity category designated by a letter code on the 
6. The HCMS-2001/-2301 and HCMS-2003/-2303 are categorized for color with the color category designated by a number on the 
back of the package. 
8. Dominant wavelength, A, is derived from the CIE Chromaticity Diagram, and represents the single wavelength which 
defines the color of the device. 
9. The luminous sterance of the individual LED pixels may be calculated using the following equations: 
L, (cd/m?) = I (Candela)*DF/A(Metre)” 
L (Footlamberts) = ni (Candela)*DF/A(Foot)” 


Where: A = LED pixel area = 5.3 x 108M? or 5.8 x 10°7ft? 
DF = LED on-time duty factor 


Switching Characteristics, T, = -40°C to +85°C 


~1/f cLocKk -—-— 
—tTHL 
— fe 
Vin 
my NSN 
Vi 28V 


oe, tseTuP Jt eee es tour C, =15 pF 
DATAIN. Propagation Delay R, = 2.4 kQ 
Vite CLOCK to DATA 


ieicek eral 


VoH 
DATA OUT foe 
o4vy, | t 


OFF 
V,, (0.4 V) to 
” mG : Display OFF 
0.8V \ pf ON 
Vit V,, (2.4 V) to 
non Display ON 





tee 
ON (ILLUMINATED) _, 
DISPLAY 90 SN Og 
OFF (NOT ILLUMINATED) 10% 


4-59 


on 
s 
a. 
2 
a 
ua 
tt 
— 
”n 
z=) 
on 
co) 
”n 





























Lu — 
2 SERIES 
x ” 
ze 
6 
1 
qt | 
s 2 
ro) T 
ED bad 
Sic rat HCMS-2300 
x= RO5_, = 60°C/W 
eer 
=o 
lo 
gu 
=6 
fons 
Qa 


0 
0 20 40 60 80 100 120 


Ta — AMBIENT TEMPERATURE — °C 


Figure 1. Maximum Allowable 
Power Dissipation vs Ambient Tem- 
perature as a Function of Thermal 
Resistance Junction-to-Ambient, 
Ré,_,- Derated Operation Assumes 
R0,.., = 35°C/W Per Display for the 
Printed Circuit Board. T, (IC) MAX 
= 125°C. 


Electrical Description 
Each display device contains 
four 5x7 LED dot matrix charac- 
ters and two CMOS integrated 
circuits, as shown in Figure 4. 
The two CMOS integrated 
circuits form an on-board 28 bit 
serial-in-parallel-out shift 
register that will accept stan- 
dard TTL logic levels. The Data 
Input, pin 12, is connected to bit 
position 1 and the Data Output, 
pin 7, is connected to bit position 
28. The shift register outputs 
control constant current sinking 
LED row drivers. The nominal 
current sink per LED driver is 
11mA for the HCMS-200X dis- 
plays, 13 mA for the HCMS- 
230X. A logic 1 stored in the 
shift register enables the corre- 
sponding LED row driver and a 
logic 0 stored in the shift regis- 
ter disables the corresponding 
LED row driver. 


The electrical configuration of 
these CMOS IC alphanumeric 
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RELATIVE LUMINOUS INTENSITY 


Ta— AMBIENT qoieMiunE Ss Cc 


Figure 2. Relative Luminous 
Intensity vs Display Pin Tempera- 
ture ; . 


interface to a display controller 
circuit that supplies decoded 
character information. The row 
data for a given column (one 7 
bit byte per character) is loaded 
(bit serial) into the on-board 28 
bit shift register with high to 
low transitions of the Clock 
input. To load decoded charac- 
ter information into the display, 
column data for character 4 is 
loaded first and the column data 
for character 1 is loaded last in 
the following manner. The 7 
data bits for column 1, character 
4, are loaded into the on-board — 
shift register. Next, the 7 data 
bits for column 1, character 3, 
are loaded into the shift regis- 
ter, shifting the character 4 data 
over one character position. 
This process is repeated for the 
other two characters until all 28 
bits of column data (four 7 bit 
bytes of character column data) 
are loaded into the on-board 
shift register. Then the column 
1 input, Vo, pin 1, is energized 
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(28 LED PIXELS 
ILLUMINATED) 


Ico_~ PEAK COLUMN CURRENT — mA 





’ Veo_— COLUMN VOLTAGE - Vv 


Figure 3. Peak Column Current vs 
Column Voltage 


four characters. This process is 
repeated for columns 2, 3, 4 and 
5. All Vo) inputs should be at 
logic low to insure the display is 
off when loading data. The 
display will be blanked when 
the blanking input V,, pin 8, is 
at logic low regardless of the 
outputs of the shift register or 
whether one of the V,,,., inputs 
is energized. 


Refer to Application Note 1016 
for drive circuit information. 


ESD Susceptibility 

The HCMS-200X/-230X series 
displays have an ESD suscepti- 
bility ratings of CLASS 3 per 
DOD-STD-1686 and CLASS B 
per MIL-STD-883C. It is recom- 
mended that normal CMOS 
handling precautions be ob- 
served with these devices. 


COLUMN DRIVE INPUTS 


COLUMN 


123 4 5 


BLANKING 
CONTROL, Vp 


; 1234567 
SERIAL 

DATA 
INPUT 


CLOCK 


Figure 4. Block Diagram of an HCMS-2XXX Series LED Alphanumeric Display. 


Soldering and Post 
Solder Cleaning 

These displays may be soldered 
with a standard wave solder 
process using either an RMA 
flux and solvent cleaning or an 
OA flux and aqueous cleaning. 
For optimum soldering, the 
solder wave temperature should 
be 245°C and the dwell time for 
any display lead passing 
through the wave should be 1 1/ 
2 to 2 seconds. The recom- 
mended solvent for post solder 
cleaning is Genesolv DES, 
manufactured by Allied Chemi- 
cal. For aqueous cleaning, a 
water temperature of 60°C 


ROWS 1-7 ROWS 1-7 


CONSTANT CURRENT SINKING LED DRIVERS 


LUT ID ete © ection ete 


ROWS 8-14 ROWS 15-21 


28-BIT SIPO SHIFT REGISTER 





(140°F) with an immersion time 
not exceeding 15 minutes is rec- 
ommended. For more detailed 
information, refer to Application 
Note 1027 Soldering LED 
Components. 


Contrast Enhancement 
When used with the proper con- 
trast enhancement filters, the 
HCMS-200X/-230X series dis- 
plays are readable in bright 
ambients. Refer to Application 
Note 1029 Luminous Contrast 
and Sunlight Readability of the 
HDSP-238X Series Alphanu- 
meric Displays for Military 
Applications for contrast en- 


4-61 


ROWS 1-7 


ROWS 22-28 
SERIAL | 
DATA 
OUTPUT 


5 
a 
” 
r=) 
tu 
<< 
kK 
(2) 
a 
—J 
ro) 
w 





hancement in bright ambients. 
Refer to Application Note 1015 
Contrast Enhancement Tech- 
niques for LED Displays for 
information on contrast en- 
hancement in moderate ambi- 
ents. 7 


Controller Circuits, 
Power Calculations and 
Display Dimming 

Refer to Application Note 1016 
Using the HDSP-2000 Alphanu- 
meric Display Family for infor- 
mation on controller circuits to 
drive these displays, how to do 
power calculations and a tech- 
nique for display dimming. 


Large 5 X 7 Dot Matrix Alpha- | 


numeric Displays 
17.3/26.5 mm Character 


Heights 
Technical Data 


Features | 
e Multiple Colors Available 
e Large Character Height © 
¢ 5X7 Dot Matrix Font 
e Viewable Up to 18 Meters 
(26.5 mm Display) 
e X-Y Stackable 
e Ideal for Graphics Panels 
e Available in Common Row 
Anode and Common Row 
Cathode Configurations — 
e AlGaAs Displays Suitable 
for Low Power or Bright 
Ambients 
Typical Intensity 1650 
ucd at 2 mA Average 
Drive Current 
e Categorized for Intensity 
e Mechanically Rugged 
e Green Categorized for 
Color | a 





| Description | 


The large 5 X 7 dot matrix 
alphanumeric display family 
consists of 26.5 mm (1.04 inch) 
and 17.3 mm (0.68 inch) charac- 
ter height packages. These | 
devices have excellent viewabil- 
ity; the 26.5 mm character can 
be read at up to 18 meters (12 
meters for the 0.68 inch part). 


The 26.5 mm font has a 

10.2 mm (0.4 inch) dual-in-line 
(DIP) configuration, while the 
17.3 mm font has an industry 
standard 7.6 mm (0.3 inch) DIP 
configuration. 


The HDSP-L203/4503 can be 
ordered with a smart driver IC. 
Information about the IC is _ 
available in the HDSP-211X 


High | 





High 








‘¢ HEWLETT 

FB PACKARD 

HDSP-4701 HDSP-L201 
HDSP-4703. = HDSP-L203 
HDSP-4401  HDSP-4501 
HDSP-4403  HDSP-4503 
HDSP-L101 HDSP-5401 
HDSP-L103  HDSP-5403 
HDSP-M101  HDSP-5101 
HDSP-M103  HDSP-5103 


data sheet. For ordering infor- 
mation see the HP Smart Dis- 
play Sets data sheet. | 


Applications include electronic 
instrumentation, computer 
peripherals, point of sale termi- 
nals, weighing scales, and | 
industrial electronics. 






Devices 
| Standard Efficiency | Performance 
Red Red Green 


HDSP-4701 | HDSP-L101 | HDSP-L201 HDSP-5401 
HDSP-4703 | HDSP-L103 | HDSP-L203 HDSP-5403 17.3 mm Common Row Cathode 


HDSP-4401 | HDSP-M101 | HDSP-4501 HDSP-5101 26.5 mm Common Row Anode 


HDSP-4403 | HDSP-M103 | HDSP-4503 HDSP-5103 26.5 mm Common Row Cathode 
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Description 
17.3 mm Common Row Anode 















Package Dimensions 


HDSP-470X/L10X/L20X/540X Series 


DATE CODE 


12.70 





17.78 
(0.70) “ 





COLOR BIN 


NOTE 4. 


LUMINOUS 
INTENSITY 
CATEGORY 


LEFT SIDE VIEW 


NOTES: 

1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR 
REFERENCE ONLY. 

3. A NOTCH ON SCRAMBLER SIDE DENOTES 
PIN 1. 

4. FOR GREEN ONLY. 


HDSP-440X/M10X/450X/510X Series 


PIN 1 REFERENCE 


AX 







(0.50) 
MAX. 
6.35 2.0 
r DIA 
(0.25) ° 
PIN 1 NOTCH (9:08) 
1 QO 12 t 
11 


(0.10) 


12.19 
(0.48) 









FRONT VIEW 


(0.18) M 
6.60 
0.76 


Wes _ (0.03) 
7 so. lian 
(0.020) soy 
(0.10) 
7.62 
(0.30) 
END VIEW 
19.96 
(0.79) MAX. 













3.25 
on DATE CODE 

5.00 : 
0.20 

( ) : 

, "5 4 

5 

2.54 

6 

(0.10) : 

8 

9 

COLOR BIN LUMINOUS 
NOTE 4. INTENSITY 
CATEGORY 4.00 
LEFT SIDE VIEW (0.16) 
18.54 
(0.73) 
FRONT VIEW 
aa 1.0 
6.35 (0.04) 
(0.250) MAX. | 
NOTES: | 


1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 


2. ALL UNTOLERANCED DIMENSIONS ARE FOR 
REFERENCE ONLY. 

3. A BLACK DOT ON SCRAMBLER SIDE 
INDICATES PIN +1. 

4. FOR GREEN ONLY. 


‘ | 
| 4.76 
(0.16) 9-51 sq, - 0:12) 


0.020 
MIN. 10.16 


(0.40) 


END VIEW 
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HDSP-4701/-5401/ HDSP-4703/-5403/ 
1101/L201 L103/L203 




























1 COLUMN 1 CATHODE ROW 1 CATHODE 
2 ROW 3 ANODE ROW 2 CATHODE 
3 COLUMN 2 CATHODE COLUMN 2 ANODE 
4 ROW S ANODE COLUMN 1 ANODE 
5 ROW 6 ANODE ROW 6 CATHODE 
6 ROW 7 ANODE ROW 7 CATHODE 
7 COLUMN 4 CATHODE COLUMN 3 ANODE 
8 COLUMN 5 CATHODE ROW 5 CATHODE 
9 ROW 4 ANODE COLUMN 4 ANODK 
COLUMN 3 CATHODE ROW 4 CATHODE 
ROW 2 ANODE ROW 3 CATHODE 
ROW 1 ANODE COLUMN 5 ANODE 





26.54 
(1.04) 

























HDSP-4401/-M101/ HDSP-4403/-M103/ 
-4501/-5101 4509-5103 
































1 COLUMN 1 CATHODE ROW 1 CATHODE 
2 NO PIN NO PIN 
3 ROW 3 ANODE COLUMN 3 ANODE 
4 COLUMN 2 CATHODE ROW 3 CATHODE 
5 NO PIN NO PIN 
6 ROW 5 ANODE COLUMN 1 ANODE 
7 NO PIN NO PIN 
8 ROW 6 ANODE COLUMN 2 ANODE 
9 ROW 7 ANODE ROW 7 CATHODE 
COLUMN 3 CATHODE ROW 6 CATHODE 
COLUMN 5 CATHODE COLUMN 4 ANODE 
NO PIN NO PIN 
ROW 4 ANODE ROW 5 CATHODE 
NO PIN NO PIN 
COLUMN 4 CATHODE ROW 4 CATHODE 
ROW 2 ANODE ROW 2 CATHODE 
NO PIN NO PIN 


ROW 1 ANODE COLUMN 5 ANODE 
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Internal Circuit Diagrams 


HDSP-4401/M101/4501/5101 HDSP-4403/M103/4503/5103 © HDSP-4701/L101/L201/5401 | HDSP-4703/L103/L203/5403 
COMMON ANODE ROW COMMON CATHODE ROW COMMON ANODE ROW COMMON CATHODE ROW 


COLUMN COLUMN me COLUMN COLUMN 





| X= ROW OR COLUMN NUMBER, (X)=PINNUMBER X = ROW OR COLUMN NUMBER, (X)= PIN NUMBER 


Absolute Maximum Ratings at 25°C 


| HDSP-470X/ | HDSP-L10X/ | HDSP-L20X/ | HDSP-540X/ | 
Description 440X Series | M10X Series | 450X Series | 510X Series 


Average Power per Dot | 75 mW 
(T A= 25°C) 









Peak Forward Current per Dot 125 mA 125 mA 90 mA 90 mA 
(T, = 25°C) 021 : | | an 
Average Forward Current per Dot | 32 mA 23 mA  15mA 15 mA 
(T, = 25°C) eer | | 


Operating Temperature Range -40°C to +85°C | -20°C to +85°C | -40°C to +85°C| -20°C to +85°C 


-40°C to +85°C | 
260°C for 3 s_ 


















Storage Temperature Range 







Lead Solder Temperature 
(1.59 mm [0.062 in.] below 
seating plane) 


Notes: i . | 

1. Average power is based on 20 dots per character. Total package power dissipation should not exceed 1.5 W. 

2. Do not exceed maximum average current per dot. 

3. For the HDSP-440X/470X series displays, derate maximum average current above 35°C at 0.43 mA/°C. For the HDSP-L10X/ 
M10X serics displays, derate maximum average current above 35°C at 0.31 mA/°C. For the HDSP-L20X/450X series and 
HDSP-540X/510X series displays, derate maximum average current above 35°C at 0.2 mA/°C. This derating is based on a 
device mounted in a socket having a thermal resistance junction to ambient of 50°C/W per package. 
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Electrical/Optical Characteristics at T, = 25°C 
Standard Red HDSP-440X/470X Series 


Luminous Intensity/Dot"! 100 mA pk: 1 of 5 

(Digit Average) Duty Factor (20 mA Avg.) 
HDSP-470X (17.3 mm) 
HDSP-440X (26.5 mm) 


Thermal Resistance LED 
Junction-to-Pin per package 
HDSP-470X 
HDSP-440X 


Luminous Intensity/Dot**! 10 mA pk: 1 of 5 

(Digit Average) Duty Factor (2 mA Avg.) 
HDSP-L10X (17.3 mm) 
HDSP-M10X (26.5 mm) 


Luminous Intensity/Dot"! 30 mA pk: 1 of 14 

(Digit Average) Duty Factor (2.1 mA Avg.) 
HDSP-L10X 
HDSP-M10X 


Thermal Resistance LED 

Junction-to-Pin per package 
HDSP-L10X 
HDSP-M10X 


4-65 


SOLID STATE DISPLAYS 





High Efficiency Red HDSP-450X/L20X Series 




















Luminous Intensity/Dot!! 50 mA pk: 1 of 5 | 
(Digit Average) Duty Factor (10 mA Avg.) 

HDSP-L20X (17.3 mm) | 

HDSP-450X (26.5 mm) 













Luminous Intensity/Dot"! 
(Digit Average) | 
HDSP-L20X 
HDSP-450X 


Peak Wavelength | 


30 mA pk: 1 of 14 
Duty Factor (2.1 mA Avg.) 



















Thermal Resistance LED 
Junction-to-Pin per package 
HDSP-L20X 

HDSP-450X 











Luminous Intensity/Dot"! 
(Digit Average) 

HDSP-540X (17.3 mm) 
HDSP-510X (26.5 mm) 


Luminous Intensity/Dot"! 
(Digit Average) 
HDSP-540X 
HDSP-510X | 


50 mA pk: 1 of 5 
Duty Factor (10 mA Avg.) 
















30 mA pk: 1 of 14 
Duty Factor (2.1 mA Avg.) 


Junction-to-Pin per package 
HDSP-540X 
HDSP-510X 


Notes: 

4. The displays are categorized for luminous intensity with the intensity category designated by a letter on the left hand side of 
the package. The luminous intensity minimum and categories are determined by computing the numerical average of the 
individual dot intensities. 

5. The dominant wavelength is derived from the C.I.E. Chromaticity diagram and is that single wavelength which defines the 
color of the device. 

6. Typical specification for reference only. Do not exceed absolute maximum ratings. 

7. The displays are categorized for dominant wavelength with the category designated by a number adjacent to the intensity 
category letter. 
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AlGaAs RED 
29 -_}| 


SSRN 
kia 


5 95 
T, — AMBIENT TEMPERATURE — °C 


/| 





I; AVG — MAXIMUM AVERAGE CURRENT — mA 


Figure 1. Maximum Allowable 
Average Current Per Dot as a 


Function of Ambient Temperature. 


Operational 
Considerations 
Electrical Description 

These display devices are com- 
posed of light emitting diodes, 
with the light from each LED 
optically stretched to form indi- 
vidual dots. | 


These display devices are well 
suited for strobed operation. 
The typical forward voltage 
values can be scaled from 
Figure 2. These values should 
be used to calculate the current 





Il; — FORWARD CURRENT PER DOT — mA 


0 05 10 15 20 25 3.0 3.5 
Ve — FORWARD VOLTAGE — V 


Figure 2. Forward Current vs. 
Forward Voltage. 


limiting resistor value and the 
typical power dissipation. Ex- 
pected maximum V,, values, for 
driver circuit design and maxi- 
mum power dissipation, may be 
calculated using the following 
V,MAX models: 


Red (HDSP-440X/470X): 
V,MAX = 1.55 V + I 
ForI,,2>5mA 


Peak — 
AlGaAs Red 
(HDSP-L10X/M10X): 
V,MAX = 1.8 V + I,,,,(20Q) 
For I, <20mA 


Peak ~ 


V,MAX = 2.0 V + I,,,,(10Q) 


(6.5Q) 


Peak 
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nPEAK — RELATIVE EFFICIENCY 





0) 20 40 60 80 


100 120 


lpeax — PEAK DOT CURRENT — mA 


Figure 3. Relative Efficiency 
(Luminous Intensity per Unit Dot) 
vs. Peak Current per Dot. 


For I,,.., 2 20 mA 


HER (HDSP-450X/L20X): 
V,MAX = 1.75 V + I, (35Q) 
For Iu, 20 MA 

Green (HDSP-540X/5 10X): 


V, MAX = 1.75 V + I, (380) 
ForlI, ,.>5mA 


Peak — 
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Peak 


Figure 3 allows the designer to 
calculate the luminous intensity 
at different peak and average 
currents. The following equation 
calculates intensity at different 
peak and average currents: 


L,AVG = (1,AVG/I,AVG DATA 
SHEET)(q,,,..(ly DATA SHEET) 


peak) 


Where: | 

T,AVG is the ee time | 
averaged LED current. | 

I,AVG DATA SHEET is the 
time averaged data sheet test 
current for I. DATA SHEET. 

Nioeak 18 the relative efficiency at 
the peak current, scaled from 
Figure 3. 

I, DATA SHEET is the time 
averaged data sheet luminous 
intensity, resulting from 
[AVG DATA SHEET. 

I AVG is the calculated time 
averaged luminous intensity 
resulting from I,AVG. 


For example, what is the 
luminous intensity of an _ 
AlGaAs Red (HDSP-L10X) 
driven at 50 mA peak 1/5 duty 
factor? 


LAVG = 50 mA * 0.2 = 10 mA 
ILAVG DATA SHEET = 2 mA 
Nioeak = 9.98 

ie DATA SHEET = 1650 ucd 


Therefore. a 


I AVG = (10 mA/2 mA)(0.98) 
(1650 cd) = 8085 cd 


Circuit Design 

Smart IC Circuit 
HDSP-L203/4503 displays can 
be ordered with a smart IC 
driver. Information about the IC 
is available in the HDSP-211X 
data sheet. For ordering infor- 
mation see the HP Smart Dis- 
plays Sets data sheet. Contact 
your HP field sales engineer or 
an authorized HP distributor for 
information about ordering this 
IC with the other parts. 


Figure 4 shows how to connect 
one IC to drive eight 5 x 7 
displays. 


Coded Data Controller 
Figure 5 shows a circuit 
designed to display eight 
characters of ASCII text. ASCII 
coded data is stored in a local 
128 x 8 RAM. After the micro- 
processor has loaded the RAM, 
this circuit provides all the 
necessary signals to decode and 
display eight characters. With 
minor modifications the circuit 
can drive up to 128 display 
characters. The RAM used in 
this circuit is an MCM6810P 
with the address and data in- 
puts isolated with tristate 
buffers. This allows the RAM to 
be accessed either by the micro- 
processor or by the local scan- 
ning electronics. The protocol is 
arranged such that the micro- 
processor always takes prece- 
dence over the local scanning 
electronics. . 


The Motorola 6810 RAM stores 
8 bytes of ASCII data which is 


continuously read, decoded, and _ 


displayed. The ASCII data from 
the RAM is decoded by the 
Motorola 6674 128 ASCII char- 
acter decoder. The 6674 decoder 
has five column outputs which 
are gated to the Sprague 
UCN5832A 32-bit shift register 
data input via a 74LS151 multi- 
plexer. Strobing of the display is 
accomplished via the 74LS90, 
74LS393, and 74LS197 counter 
string. 


The 74LS197 is used as a divide 
by 7 counter. Output Q, resets 
the counter, sets output Q, to 
logic 1, and sets outputs Q., Q.: 
and Q. to logic 0. 74LS197 out- 
puts Q,, Q,, and Q, synchronize 
the row drivers and the row 
data entry into the shift regis- 
ter. Row drivers are sequen- 
tially turned on and off so only 
one row driver is on at a given 
time. 
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The 74LS393 counter is used as 
a divide by 64 counter. This 


- counter has two functions. The 


first is to provide the character 
address to be decoded. Outputs 
1Q,, 1Q,, and 1Q, supply the 
address to the RAM. The second 
is to generate a control signal. 
This signal simultaneously 
clocks the 74LS197 and disables 
the row drivers and shift regis- 
ter outputs. It also provides one 
of the logic signals needed to 
enable the system clock to clock 
data into the shift register. Out- 
puts 1Q,,, 2Q,, and 2Q, are 
gated to create this signal. The 
clock is enabled for 1 count and 
disabled for 7 counts. Thus, the 
overall display duty factor is 
(7/8)(1/7) = 12.5%. 


The 74LS90 is connected as a 
divide by 5 cascaded into a di- | 
vide by 2 for an effective divide 
by 10 counter. Outputs Q,,, Q,, 
and Q,, are used to convert the | 
parallel output from the charac- 
ter generator to serial input for 
entry into the UCN5832 shift 
register. Output Q , in combina- | 
tion with the system clock and 
the gated 74LS393 counter out- _ 
puts clock data into the shift 
register. When character data is 
loaded into the shift register, 
output Q, alternates between 
allowing data to be loaded and 
providing enough time for data 
to propagate from the 74LS393 
counter through the tristate 
buffers, RAM, character gener- 
ator, and multiplexer. 


This circuit can be used with 
the HDSP-4701 by changing the 
display pin assignments. HDSP- 
4X03 and HDSP-5X03 devices 
require a change of both the 
shift register and drive transis- 
tors. The shift register can be 
changed to a Sprague 
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Figure 4. Low Current Circuit to Refresh Eight 5 x 7 Displays. HDSP-4503 (HDSP-L203) Display Pin Numbers Are 
Denoted as XX(XX). 
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Figure 5. Coded Data Controller Circuit. 


UCN-5818. This part has 
different pin assignments than 
the UCN-5832. For further 
details consult the Sprague data 
sheet. The MJE700 Darlington 
transistors need to be replaced 
with suitable npn Darlington 
transistors. 


Thermal Consider- 
ations 

The device thermal resistance 
may be used to calculate the 
junction temperature of the 
central LED. The equation 
below calculates the junction 
temperature of the central 
(hottest) LED. 


T, = T, + (P,\(R9,,,0N) 
P,, = (V,MAX)(1,AVG) 
RO,, = RO, p+ RO 


J-PIN VPIN-A 


T, is the junction temperature 
of the central LED. 

T, is the ambient temperature. 

P,, is the power dissipated by 
one LED. 

N is the number of LEDs ON 
per character. 

V,MAX is calculated using the 
appropriate V,, model. 

R@,,, 1s the package thermal 
resistance from the central 
LED to the ambient. 

RO, pis the package thermal 
resistance from the central 
LED to pin. 

RO... is the package thermal 
resistance from the pin to the 
ambient. 


For example, what is the maxi- 
mum ambient temperature an 
HDSP-L10X can operate with 
the following conditions: 


Leak = 125 mA 

LAVG = 10 mA 
RO, = 50°C/W 

N = 35 

T,MAX = 110°C 


V,MAX = 2.0 V + (0.125 A)(10) 


= 3.25 V 
P,, = (3.25 V)(0.01 A) 
= 0.0325 W 
T, = 110°C - 
(50°C/W)(0.0325 W)(35) 
= 53°C 


The maximum number of dots 
ON for the ASCII character set 
is 20. What is the maximum 
ambient temperature an HDSP- 
L10X can operate with the 
following conditions: 


Tpeax = 125 mA 
TLAVG=10mA 
RO,,= 50°C/W 
N = 20 

T,MAX = 110°C 


V,MAX = 3.25 V 
P,, = 0.0325 W 
T, = 110°C - 
(50°C/W)(0.0325 W)(20) — 
— a i ba ©. 


Therefore, the maximum 
ambient temperature can be in- 
creased by reducing the average 
number of dots ON from 35 to 
20 dots ON per display. | 


Contrast Enhancement 


The objective of contrast en- 
hancement is to provide good 
display readability in the end 
use ambient light. The concept 
is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 
is accomplished by having the 
OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 
these display devices are assem- 
bled with a gray package and 
matching encapsulating epoxy 
in the dots. 


Contrast enhancement may be 
achieved by using one of the 
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following suggested filters: 


HDSP-440X/470X/L10X/M10X 

Panelgraphic RUBY RED 60 

SGL-HOMALITE H100-1605 
RED 

3M Louvered Filter R6610 RED 
OR N0210 GRAY 


HDSP-450X/L20X 

Panelgraphic SCARLET RED 
65 

SGL-Homalite H100-1670 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or N0210 GRAY 


HDSP-540X/510X 
Panelgraphic GREEN 48 
SGL-Homalite H100-1440 
GREEN or H100-1250 GRAY 
3M Louvered Filter YG5610 
GREEN or N0210 GRAY 


For further information on con- 
trast enhancement please see 
Application Note 1015. 


For further information on 
soldering LEDs please refer to 
Application Note 1027. 
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Low Current Seven Segment 


Displays 


Technical Data - 


Features 

¢ Low Power Consumption 
e Industry Standard Size 

e Industry Standard Pinout 
¢ Choice of Character Size 


7.6 mm (0.30 in), 10 mm (0.40 


in), 10.9 mm (0.43 in), 14.2 
mm (0.56 in), 20 mm (0.8 in) 
Choice of Colors 


AlGaAs Red, High Efficiency — 


Red (HER), Yellow, Green 
Excellent Appearance 
Evenly Lighted Segments 
+50° Viewing Angle 
¢ Design Flexibility 
Common Anode or Common 
Cathode 
Single and Dual Digits 
Left and Right Hand Decimal 
Points 
+1. Overflow Character 
¢ Categorized for Luminous 
Intensity 
Yellow and Green 
Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 
e Excellent for Long Digit 
_ String Multiplexing 


Description 

These low current seven | 
segment displays are designed — 
for applications requiring low 
power consumption. They are 
tested and selected for their 
excellent low current character- 
istics to ensure that the 
segments are matched at low 
currents. Drive currents as low 
as 1 mA per segment are 
available. 


Pin for pin equivalent displays 
are also available in a standard 
current or high light ambient 
design. The standard current 
displays are available in all 
colors and are ideal for most 
applications. The high light 
ambient displays are ideal for 
sunlight ambients or long string 
lengths. For additional informa- 
tion see the 7.6 mm Micro | 
Bright Seven Segment Displays, 
10 mm Seven Segment Dis- 
plays, 7.6 mm/10.9 mm Seven 
Segment Displays, 14.2 mm 
Seven Segment Displays, 20 
mm Seven Segment Displays, or 
High Light Ambient Seven 
Segment Displays data sheets. 
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CD packann 





HDSP-3350, 3351, 3353, 3356 
HDSP-5551, 5553, 5557, 5558 
HDSP-7511, 7513, 7517, 7518 
HDSP-A101, A103, A107, A108 
HDSP-A801, A803, A807, A808 
HDSP-A901, A903, A907, A908 
HDSP-E100, E101, E103, E106 
HDSP-F101, F103, F107, F108 
HDSP-H101, H103, H107, H108 
HDSP-K121, K123 
HDSP-N100, N101, N103, BOE 
N106 





Devices 


HDSP- HDSP- | HDSP- HDSP- Description Drawing 
7.6 mm Common Anode +1. Overflow 
ro 


F107 10 mm Common Anode +1. Overflow 
F108 10 mm Common Cathode +1. Overflow 


ae 
eee 
| E100 | 3350 | 10.9 mm Common Anode Left Hand Decimal 
10.9 mm Common Anode Right Hand Decimal 
















— 


ies nese 
eens eke ee) 
ee; Sis 
Saar eee! 
arora eed 
|} 10.9 mm Common Cathode Right Hand Decimal | 
| Eloe | 335 {| | | 10.9 mm Universal +1. Overflow'!) 
[sito [8581 | |__| 142 mm Common Anode Right Hand Decimal 
[ios | ~s588 |__| ___| "142 mm Common Cathode Right Hand Decimal 
| H107 | 5557 | | | 14.2 mm Common Anode +1. Overflow 
[|__| 142 mm Common Cathode #1, Overflow SS 
[142 mm Two Digit Common Anode Right Hand Decimal 
| CT 14.2 mm Two Digit Common Cathode Right Hand Decimal _| 
[J im Common Anode Leh Hand Decimal 
[| [20 mm Common Anode Right Hand Decimal 
ee 
arr Paes 
= aa 


20 mm Common Cathode Right Hand Decimal 
20 mm Common Cathode Left Hand Decimal 
20 mm Universal +1. Overflow! 


K121 


| 5558 
ela 
aes 
[N00 | 
eine 
eee 
fa? saad 
fee eee 


2) 
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N103 


Note: 
1. Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagrams L or W. 














Package Dimensions 


MITERED CORNER FOR 
PIN 1 REFERENCE 








MITERED CORNER FOR 
PIN 1 REFERENCE 






4.19 
1.27 
2.54 
050 
(.100) LUMINOUS age 
INTENSITY 508 10 
43 CATEGORY (.020) 
2 | TYP. 
12.7 + 0.38 7.62 DATE CODE : ae ; or 
(500 + .015) (.300) ee ae a 7 





| 2.97 
762 (.117) 
(030) 2.97 
TYP 7.62 (.117) 
(.300) 
NOTE 2 
A,B 
1 | ANODE(4! CATHODE |S! | ANODE (4! CATHODE |5! 
2 |CATHODE ft ANODE 1 CATHODE PLUS ANODE PLUS 
3 |CATHODE g ANODE g CATHODE MINUS | ANODE MINUS 
4 |CATHODE e ANODE e 
5 |CATHODE d | ANODE d 
6 | ANODEI4! CATHODE|S! | ANODE (4! CATHODE [5] 
.254 7 |CATHODE DP} ANODE DP CATHODE DP ANODE DP 
(.010) i 8 |CATHODE c | ANODE c CATHODE c ANODE c 
1,27 9 |CATHODE b ANODE b CATHODE b ANODE b 
ons (.050) 10 |CATHODE a ANODE a NC NC 
(.200) NOTES: 
1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 
A, B, C, D 2. MAXIMUM. 


3. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
4. REDUNDANT ANODES. 
5. REDUNDANT CATHODES. 
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Package Dimensions (continued) 
| LUMINOUS INTENSITY CATEGORY 


COLOR BIN (NOTE 3) 











2.54 
(0.10) 
i ‘ 1 
12.90 + 0.50 . : oe ae 
(0.508 + 0.020) (0.400) : (0.400) 
DATE CODE .. 
5.08 a | 
eyes ~~ ee 4.06 MIN. 
(0.385 MAX.) © EF 6.36 MAX. (0.169 MIN.) 
. (0.250 MAX.) 
E, F,G,H 
; 4 | ANODE — | CATHODE™ | ANODE! CATHODE" 
2 |. CATHODEf | ANODEf CATHODE PLUS | ANODE PLUS 
ote) 3 | CATHODEg | ANODEg | CATHODE MINUS | ANODE MINUS 
_.| is 4 | CATHODEe | ANODEe = | NC NC 
(0.300) 5 CATHODE d ANODE d_. NC NC 
6 | ANODE“ CATHODE" | ANODE CATHODE®! 
E,F,G.H 7 | CATHODE DP | ANODEDP | CATHODE DP ANODE DP 
-8 | CATHODEc | ANODEc CATHODE c ANODE c 
9 | CATHODEb | ANODEb CATHODE b ANODE b 


= 
° 


CATHODE a 


NOTES: 


ANODE a 





NC 


1. ALL DIMENSIONS IN MLLIMETRES (INCHES). 
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 


ie 





12.90 +0.50 3. FOR YELLOW AND GREEN SERIES PRODUCT ONLY. 
(0.508 + 0.020) 4. REDUNDANT ANODES. 
| 5. REDUNDANT CATHODES. 


9.79 MAX. . 
(0.385 MAX.) 
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Package Dimensions (continued) 


7.01 (.276) 7.01 (.276) 











11 10.92 (.430) 10.92 (.430) 44 + pee . a 
NB 3.18 (.125) 
6.35 (.250) 5.21 (.205) L 
| J,K 
FRONT VIEW 
1.17 MAX. FUNCTION 
LUMINOUS 
INTENSITY 


12.70 (.500) 


MAX. _ | | 
5.33 635 
| (.210) (250) 
+ 0.25 
4.06 (.160) | 19.05 
MIN. | (.750 + .010) 


| | 
| | 0.25 
{ | (.010) 
7.62 1. -| 
(.300) DATE CODE 


END VIEW SIDE VIEW 


CATEGORY 





















SON ANH aA WD = 


~~ = 
-—_- © 





-_ — = 
a WN 


NOTES: 

1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 

3. REDUNDANT ANODES. 

4. UNUSED dp POSITION. 

5. SEE INTERNAL CIRCUIT DIAGRAM. 

6. REDUNDANT CATHODES. 

7. SEE PART NUMBER TABLE FOR L.H.D.P. AND R.H.D.P. DESIGNATION. 
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CATHODE.-a 
CATHODE.-f 
ANODEI3I 
NO PIN 

NO PIN 


CATHODE-dp 


CATHODE-e 
CATHODE-d 


NO CONN. |S! 


CATHODE-c 
CATHODE-g 
NO PIN 

CATHODE-b 
ANODE!3) 


CATHODE-f 
ANODEI31 
NO PIN 

NO PIN 


NO CONN. [5] 


CATHODE-e 
CATHODE-d 


CATHODE-dp 


CATHODE-c 
CATHODE-g 
NO PIN 

CATHODE-b 
ANODE!3! 









ANODE.a 
ANODE-f 
CATHODE I6] 
NO PIN 
NO PIN 
NO CONN. |5! 
ANODE-e 
ANODE-d 
ANODE -dp 
ANODE-c 
ANODE-g 
NO PIN 
ANODE-b 
CATHODE I6! 








"NO PIN 











| ANODE-b 








Le ee ee 


CATHODE-a 


CATHODE-d 
ANODE.d 


CATHODE-c 
CATHODE-e 
ANODE.-e 
ANODE.-c 
ANODE.-dp 
CATHODE-dp 
CATHODE-b 
CATHODE.-a 
NO PIN 
ANODE.a 
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Package Dimensions (continued) 





FRONT VIEW M, N TOP END VIEW M,N, O, P 
7s 10° LUMINOUS 
| CATEGORY: ~ (020) |. 
1009876 \ 
‘a 
_ 1.19 
ir ee ee 
(.673 + .01) 


| 1 |CATHODEe | ANODEe | CATHODEc 
CATHODE d | ANODE d ANODE c. d CATHODE c.d 





ANODE 4 CATHODE 5 | CATHODE b ANODE b 
| 4 |CATHODEc | ANODEc ANODE a.b.DP {| CATHODE a,b, DP 
CATHODE DP | ANODE DP_ | CATHODE OP ANODE DP 


2.54 (.100) 
DATE de, 
12345 One 3.95 (186) 
12.573 . 
(.495) 


MAX 
ea | | 6 |CATHODEb | ANODEb CATHODE a ANODE a 
aig} CATHODEa | ANODE a ANODE a.b,DP | CATHODE a. b. DP 


| 8 | ANODE:4 CATHODE 5 | ANODEc.d CATHODE c,d 
| 9 |CATHODEf | ANODE CATHODE d ANODE d 
10 |CATHODEg | ANODEg NO PIN NO PIN 





ihe ae NOTES: 
1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 
i 2.MAXIMUM, 
ve : a 3. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. | 


4. REDUNDANT ANODES. 
5. REDUNDANT CATHODES. 





FRONT VIEW O, P SIDE VIEW M,N, O, P 
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Package Dimensions (continued) 


11.07 










14-4 
2 + 
3 + 

a} + 

20.32 
5s} + 

(0.800) a 
7] + 12 27.69 = 0.25 
a} + 1 (1.090 + 0.010) 
9 

LHOP 


(0.325) NOTE 4 


¢ LcHaRACTER 
L PACKAGE 


FRONT VIEW Q, V 









ODYUAMH AWN 


1.27 


(0.050) 


RHDP 


t cHanacrter 


“—— PACKAGE 


FRONT VIEW T, U 


LUMINOUS 
INTENSITY ey 
19.96 MAX. CATEGORY (0.590) 
fF co7ee MAX.) “7 
8.38 + 0.25 
| _4 (0-330 = 0.010) — 
sre | (0.200) 
6.1 MIN. ee x 
(0.240 MIN.) ana x PIN 2 AND 17 
Josie Fe eg x< 
' 1 a | 
| a ° 
0.38 (0.015) = i i 
15.24 + 0.25 2.54 + 0.25 
(0.600 : 0.010) (0.100 » 0.010) 





DATE CODE 


END VIEW ©, T, U, V, W SIDE VIEW Q, T, U, V, W 


NOTES: 

1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 

3. REDUNDANT ANODES. 

4. UNUSED dp POSITION. 

5. SEE INTERNAL CIRCUIT DIAGRAM. 

6. REDUNDANT CATHODES. 

7. SEE PART NUMBER TABLE FOR L.H.D.P. AND R.H.D.P. DESIGNATION. 
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NOTE 4 


(0.070) 


SCSOnoonnrkhkwnrd 





q 
PACKAGE — 
FRONT VIEW W 
































Function 
Pin Q T U Vv Ww 
+ |NO PIN NO PIN NO PIN T NO PIN NO PIN 
2 |CATHODE a | CATHODE a | ANODE a ANODE a CATHODE a 
3 |CATHODEf | CATHODEf | ANODET ANODE f ANODE d 
4 | ANODE!) ANODE! CATHODE'®! | CATHODE!!! | CATHODE d 
5 |CATHODEe | CATHODEe | ANODE e ANODE e CATHODE c 
6 | ANODE?! ANODE'! CATHODE!®! | CATHODE!®! | CATHODE e 
7 | CATHODE dp | NO. CONNEC.| NO. CONNEC.] ANODE dp ANODE e 
8 |NO PIN NO PIN NO PIN NO PIN CATHODE dp 
9 |NO PIN NO PIN NO PIN NO PIN NO PIN 
10 |NO PIN CATHODE dp | ANODE dp NO PIN ANODE dp 
141. |CATHODE d | CATHODE d | ANODE d ANODE d CATHODE dp 
12 |ANODE!! ANODE!!! CATHODE!® |CATHODE!®! | CATHODE b 
13. |CATHODE c | CATHODEc | ANODEc ANODE c ANODE b 
14. |CATHODE g | CATHODE g | ANODE g ANODE g ANODE c 
15 |CATHODE b | CATHODE b | ANODE b ANODE b ANODE a 
16 |NO PIN NO PIN NO PIN NO PIN NO PIN 
17. | ANODE!! ANODE!?! CATHODE!®! | CATHODE'®! | CATHODE a 
18 |NO PIN NO PIN [NO PIN NO PIN NO PIN 
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Package Dimensions (continued) 



























2.54 
(.100) 
LUMINOUS TYP 
INTENSITY 
CATEGORY 51 
(.020) 
TYP 
x = 
x j 
x = 2.337 | 
a —. en . Function 
oy | : A 
zr —_— >} 





E ANODE NO. 1 








oneal ie. DANODENO.T | 
es C ANODE NO.1 _ 
TOP END VIEW R, S 


D ANODE NO: 2 





















sa 190 «0 SIDE VIEW G ANODE NO. 2 
(.307) e— 8.00 je—— 254 C ANODE NO. 2 
ae, 7 aaa Ik (.010) DP ANODE NO. 2 
18 17 16 15 14 13 12 1110 B ANODE NO. 2 
| A ANODE NO .2 
F ANODE NO. 2 
15.24 DIGIT NO. 2 CATHODE 
DIGIT NO. 1 CATHODE 
B ANODE NO. 1 
A ANODE NO. 1 
G ANODE NO. 1 
F CATHODE NO. 1 F ANODE NO. 1 










































123 45 6 
25.146 
Pa - (990) 


MAX. 


DIGIT NO. 1 setiee 
- 12700... 


(.500) 





NOTES: 
1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. | 


FRONT VIEW R,S 


Internal Circuit Diagram 
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t Diagram (conti 
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1234 5 


123 4 5 


12345 
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Internal Circuit Diagram (continued) 


18 #17 1 #1 14 #13 «12~«11 10 1% 17° 16 «15 #14 «#13 °~«12~«211~=~«10 













AlGaAs Red 
HDSP-A101/E100/ 
H101/K120/N100 


HER 













Description 


Peak Forward Current per 45 mA 
Segment or DP | a6 

DC Forward Current per 164 15”! | mA 
Segment or DP | 


Operating Temperature Range _  -20 to +100 | -40 to +100 


-55 to +100 
Reverse Voltage per Segment 
or DP 


Lead Solder Temperature for 3 
Seconds (1.59 mm [0.63 in.] below. 
seating plane) 
























Notes: 
1. Derate above 91°C at 0.53 mA/°C. 7 
2. Derate HER/Yellow above 80°C at 0.38 mA/°C and Green above 71°C at 0.31 mA/C. 
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Electrical/Optical Characteristics at T, = 25°C 
AlGaAs Red 
















x 


iF 





Hous 


| 
bo i. oe) 
a o hart 
=) oS on 
iN 
~ o> 
Si °o on 
SS o 
PR 
(oe) 
[oF 


A101 
F101 
E100 Luminous Intensity/Segment!?” 

(Digit Average) 
H101, K121 
N100 


Forward Voltage/Segment or DP 
All Devices |} Peak Wavelength 
Dominant Wavelength!*! 







SOLID STATE DISPLAYS 





Ea 


Reverse Voltage/Segment or DP**! 
Temperature Coefficient of AV,/°C 
V,/Segment or DP 







‘ 
ey hey see bee ie) ee 
5 1S! Bl wl] a] o@ 


A101 
F101 


E100 
Thermal Resistance LED 
H101, K121| Junction-to-Pin 
N100 
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High Efficiency Red 
Device | 
Series 
HDSP- Parameter 


7511 


Luminous Intensity/Segment!2! 
(Digit Average) 
3350, 5551 


Forward Voltage/Segment or DP 


All Devices 


Temperature Coefficient of 
V,,/Segment or DP 


Thermal Resistance LED 
Junction-to-Pin 
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Yellow 


Parameter 


Luminous Intensity/Segment!!?! 
(Digit Average) 


Forward Voltage/Segment or DP BE 


Peak Wavelength 
Dominant Wavelength!®! po | 
Reverse Voltage/Segment or DP"! fee 


Temperature Coefficient of AV,/°C 
V,,/Segment or DP 

Thermal Resistance LED ere 
Junction-to-Pin 


Parameter Symbol 


Luminous Intensity/Segment!??! 
(Digit Average) 
Forward Voltage/Segment or DP 

A901 
Peak Wavelength 
Dominant Wavelength!*:5] P| 
Reverse Voltage/Segment or DP"! Ht Ne | 
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Green 


es pcs Coefficient of AV,/°C 
V,,/Segment or DP 
Thermal Resistance LED 
Junction-to-Pin 
Notes: 


1. Device case temperature is 25°C prior to the intensity measurement. 

2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package. 

3. The dominant wavelength, 1,, is derived from the CIE chromaticity diagram and is the single wavelength which defines the 
color of the device. 

4. Typical specification for reference only. Do not exceed absolute maximum ratings. 

5. The yellow (HDSP-A800) and Green (HDSP-A900) displays are categorized for dominant wavelength. The category is 
designated by a number adjacent to the luminous intensity category letter. 
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AlGaAs Red 
































ip AVE. MAX — MAXIMUM AVERAGE 


FORWARD CURRENT PER SEGMENT - mA 

















20 30 40 50 60 70 80 90 100 110 120 


Ta — AMBIENT TEMPERATURE - °C 


Figure 1. Maximum Allowable | 
Average or DC Current vs. Ambient 
Temperature. 








RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1 AT 1 mA) 











LA 0.5 10 20 


|; - FORWARD CURRENT 
PER SEGMENT -mA 


Figure 3. Relative Luminous 
Intensity vs. DC Forward Current. 


50.0 








20.0 





10.0 








5.0 














— FORWARD CURRENT 
PER SEGMENT - mA 

rx) 

° 








IF 











0 0.5 1.0 1.5 2.0 2.5 
V_e- FORWARD VOLTAGE - V 


Figure 2. Forward Current vs. 
Forward Voltage. 











NORMALIZED TO 1 AT1mA 





NpeaK- RELATIVE EFFICIENCY — 














0 5 10 20 30 40 50 


Ipeak- PEAK FORWARD CURRENT 
PER SEGMENT - mA 


Figure 4. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 
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RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1 AT 2mA FOR HER AND 


HER, Yellow, Green 















20 
C4 = ° 
°C Dare 
I 
(4) 
25 ig Ce ee ee 
>= Se a ee 
a9 14 Nf HER/YELLOW 
zo | [oneen\ \ 
= ti 12 
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if 8 
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}Q 
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ro} 2 
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20 30 40 50 60 70 80 90 100 110120 


Ta — AMBIENT TEMPERATURE - °C 


Figure 5. Maximum Allowable 
Average or DC Current vs. Ambient 
Temperature. 
































TO 1 AT 4mA FOR YELLOW AND GREEN) 





|; - FORWARD CURRENT PER SEGMENT - mA 


Figure 7. Relative Luminous 
Intensity vs. DC Forward Current. 


TN PEAK — RELATIVE EFFICIENCY 


(NORMALIZED TO 1 AT 2mA FOR HER 
AND TO 1 AT 4mA FOR YELLOW AND GREEN) 


























Ip - FORWARD CURRENT PER SEGMENT - mA 





0 0.5 1.0 1.5 2.0 2.5 3.0 


Ve — FORWARD VOLTAGE - V 


Figure 6. Forward Current vs. 
Forward Voltage. 


3.0 


2.5 





2.0 





1.5 








1.0 


O5 fos bd ee 





























0 
0 5 10 15 20 25 30 35 40 45 


IpEAK — PEAK FORWARD CURRENT 
PER SEGMENT -—- mA 


Figure 8. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 
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Electrical/Optical 


These displays use light emit- 
ting diodes, with the light from 
each LED optically stretched to 
form individual segments and 
decimal points. The AlGaAs Red 
HDSP-X100 series LEDs use 
double heterojunction AlGaAs 
on a GaAs substrate. HER 
HDSP-7510/3350/5550 and 
Yellow HDSP-A800 series LEDs 
have their p-n junctions diffused 
into a GaAsP epitaxial layer on 
a GaP substrate. The Green 
HDSP-A900 series LEDs use a 
liquid phase GaP epitaxial layer 
on GaP. 


The typical forward voltage 
values can be scaled from 
Figures 2 and 6. These values 
should be used to calculate the 
current limiting resistor value 
and typical power consumption. 
Expected maximum V, values 
for driver circuit design and 
maximum power dissipation, 
may be calculated using the 
following V,MAX models: 


AlGaAs Red HDSP-X100 series 


V,MAX = 1.8 V +I. (20 Q) 
For: I,.,, <20 mA 


= 2.0V+h2. 
>20 mA 


Peak ~ 


(10 Q) 
For: I 


HER (HDSP-75 10/3350/5550) 
and Yellow (HDSP-A801) series 


VMAX = 1.6 + I,_, (45 Q) 
For: I, _, <20 mA 


Peak ~ 


V,MAX = 1.75 + Lox (38 Q) 
For: I... 220 mA 


Green (HDSP-A901) series 
VMAX = 2.0 V + I. (50 Q) 
For: I... 24 mA 

Figures 4 and 8 allow the 

designer to calculate the 

luminous intensity at different 
peak and average currents. The 
following equation calculates 


intensity at different peak and 
average currents: 


L AVG = (I,AVG/I,AVG DATA 
SHEET\(n,,,,)1yDATA 
SHEET) 


Where: | 

I AVG is the desired time 
averaged luminous intensity 
resulting from I,AVG. 

I AVG is the desired time 
averaged LED current. 

I AVG DATA SHEET is the 
data sheet test current for 
I,DATA SHEET. 

Nooss is the relative efficiency at 
the peak current, scaled from 
Figure 4 or 8. 

I, DATA SHEET is the data 
sheet luminous intensity, 
resulting from ILAVG DATA 
SHEET. 


For example, what is the 
luminous intensity of an HDSP- 
7511 driven at 20 mA peak 1/5 
duty factor? 


T,AVG = (50 mA)(0.2) = 4 mA 
T.AVG DATA SHEET = 2 mA 
Neck = 2-6 

ly DATA SHEET = 270 ucd 


Therefore 


I AVG = (4 mA/2 mA)(2.6)(270 
ucd) = 1400 pcd 


Contrast Enhancement 
The objective of contrast 
enhancement is to provide good 
display readability in the end 
use ambient light. The concept 
is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 
is accomplished by having the 
OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 
these display devices are 
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assembled with a gray package 
and matching encépsulating 
epoxy in the dots. 


Contrast enhancement may be 
achieved by using one of the 
following suggested filters: 


AlGaAs Red (HDSP-X100) 

Panelgraphic RUBY RED 60 

SGL-Homalite H100-1605 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


HER (HDSP-75 10/3550/5550) 

Panelgraphic SCARLET RED 
65 

SGL-Homalite H100-1670 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED | 
or ND0220 GRAY 


Yellow (HDSP-A801) 

Panelgraphic YELLOW 27 or 
GRAY 10 

SGL-Homalite H100-1720 
AMBER or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


Green (HDSP-A901) 

Panelgraphic GREEN 48 

SGL-Homalite H100-1440 
GREEN or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


For further information on 
contrast enhancement please 
see Application Note 1015. 


Mechanical 


Specifially developed plastics 
are used to optimize the 
displays optical performance. 
These plastics restrict the 
solvents that may be used for 
cleaning. Only mixtures of 
Freon (F113) and alcohol should 
be used for vapor cleaning 
processes. Total immersion time 


in the vapors is two minutes. 
Some suggested mixtures are 
Freon TE, Arklone A or K, or 
Genesolv DI-15 or DE-15. A 
60°C (140°F) water cleaning 
process may also be used. This 
process includes a neutralizer 
rinse (3% ammonia solution or 
equivalent), a surfactant rinse 
(1% detergent solution or 


equivalent), a water rinse, and a 
thorough air dry. Room 
temperature cleaning may be 
done with Freon T-E35 or T- 
P35, Ethanol, Isopropanol, or 
water with a mild detergent. 


Cleaning agents from the 


ketone family (acetone, methyl] 
ethyl ketone, etc.) and from the 
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chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. All of these 
various solvents attack or 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 
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7.6 mm (0.3 inch) Micro Bright 
Seven Segment Displays _ 


Technical Data 


Features 

¢ Available with Colon for 
Clock Display 

¢ Compact Package 
0.300 x 0.500 inches 
Leads on 2.54 mm (0.1 inch) 
Centers 

¢ Choice of Colors 
Red, AlGaAs Red, High 
Efficiency Red, Yellow, Green 

¢ Excellent Appearance 
Evenly Lighted Segments 
Mitered Corners on Segments 
Gray Package Gives 
Optimum Contrast 
+50° Viewing Angle 

¢ Design Flexibility 
Common Anode or Common 
Cathode 


mes Devices 


AlGaAs" | HER"! | Yellow!!! 
HDSP- | HDSP- |HDSP- | HDSP- 






Red 


7301 
7311 


7302 


7303 
7313 


7304 
7307 








7317 


7308 
7318 


Note: 


Right Hand Decimal Point 
+1. Overflow Character 

¢ Categorized for Luminous 
Intensity 
Yellow and Green 
Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 

e High Light Output 

e High Peak Current 

e Excellent for Long Digit 
String Multiplexing 

e Intensity and Color 
Selection Available 
See Intensity and Color 
Selected Displays Data Sheet 

e Sunlight Viewable AlGaAs 





| | 7504 | 7404 7804 | Common Cathode Right Hand Decimal, Colon 


A157 7507 7407 7807 Common Anode +1. Overflow 
| A158 7508 7408 7808 Common Cathode +1. Overflow 


Green!!! Package 
HDSP.- Description Drawing 
A151 7501 7401 7801 | Common Anode Right Hand Decimal 


|| 7502 | 7402 | 7802 | 


A153 7503 7403 7803 


Common Anode Right Hand Decimal, Colon 


Common Cathode Right Hand Decimal 


HEWLETT 
PACKARD 


G 





HDSP-7301, 7311, 7302, 7303, 
7318, 7304, 7307, 7317, 7308, 
7318 a 

HDSP-A151, A153, A157, A158 

HDSP-7501, 7502, 7503, 7504, 
7507, 7508 a 

HDSP-7401, 7402, 7403, 7404, 
7407,7408 - 

HDSP-7801, 7802, 7803, 7804, 
7807, 7808 





Description 

The 7.6 mm (0.3 inch) LED 
seven segment displays are 
designed for viewing distances 
up to 3 metres (10 feet). These 
devices use an industry 
standard size package and 





1. These displays are recommended for high ambient light operation. Please refer to the HDSP-A10X AlGaAs, HDSP-335X HER, 


HDSP-A80X Yellow, and HDSP-A90X Green data sheet for low current operation. 
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pinout. Both the numeric and 
+1. overflow devices feature a 
right hand decimal point. All 
devices are available as either 
common anode or common 
cathode. 


Package Dimensions 


MITERED CORNER FOR 
PIN 1 REFERENCE 


4.19 






12.7 + 0.38 
(.500 + .015) 


NOTES: 

1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 

2. MAXIMUM. 

3. ALL UNTOLERANCED DIMENSIONS ARE FOR 
REFERENCE ONLY. 

4. REDUNDANT ANODES. 

5. REDUNDANT CATHODES. 

6. FOR HDSP-7400/-7800 SERIES PRODUCT ONLY. 


—_ 


Internal Circuit Diagram 

















These displays are ideal for 
most applications. Pin for pin 
equivalent displays are also 
available in a low current 
design. The low current displays 


MITERED CORNER FOR 
PIN 1 REFERENCE 





FUNCTION 


are ideal for portable applica- 
tions. For additional 
information see the Low 
Current Seven Segment 
Displays. 


COLOR BIN 
(NOTE 6) 


LUMINOUS 
INTENSITY 
CATEGORY 






DATE CODE 


MITERED CORNER FOR 
PIN 1 REFERENCE 


SOUD STATE DISPLAYS | 


12.7 + .380 
(.500 + .015) 


oo & Ww 








D 








B Cc 

1 | ANODE[4) CATHODE COLON] CATHODE[S] 
2 |CATHODE f CATHODE f ANODE f 

3 | CATHODE g CATHODE g ANODE g 

4 |CATHODE e CATHODE e ANODE e 

5 {CATHODE d | CATHODE d ANODE d 

6 | ANODEI4] ANODE CATHODE |S] 
7 |CATHODE DP| CATHODE DP ANODE DP 
8 | CATHODE c CATHODE c ANODE c 

9 |CATHODE b | CATHODE b ANODE b 

0 |CATHODE a CATHODE a ANODE a 
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CATHODE [5] 
ANODE PLUS 
ANODE MINUS 
NC 

NC 
CATHODEI5] 
ANODE DP 
ANODE c 
ANODE b 

NC 


ANODE COLON | ANODEI4) 
ANODE f CATHODE PLUS 
ANODE g CATHODE MINUS 
ANODE e NC 

ANODE d NC 

CATHODE ANODE(4] 
ANODE DP CATHODE DP 
ANODE c CATHODE c 
CATHODE b 

NC 






ANODE b 
ANODE a 








-55 to +100 


Reverse Voltage per 
Segment or DP — 


Lead Solder Temperature for 3 
Seconds (1.59 mm [0.063 in.] 
below seating plane) 





Notes: 

. See Figure 1 to establish pulsed conditions. 
Derate above 80°C at 0.63 mA/C. 

See Figure 2 to establish pulsed conditions. 
Derate above 46°C at 0.54 mA/C. 

See Figure 7 to establish pulsed conditions. 
Derate above 53°C at 0.45 mA/°C. 

See Figure 8 to establish pulsed conditions. 
Derate above 81°C at 0.52 mA/C. 

See Figure 9 to establish pulsed conditions. 
10. Derate above 39°C at 0.37 mA/°C. 

11. For operation below -20°C, contact your local HP components sales office or an authorized distributor. 


ee oe ee 


Electrical/Optical Characteristics at T, = 25°C - 












Test Conditions 


3 


| Parameter 






Luminous Intensity/Segment!*”! 
(Digit Average) 


oo" 
— 
©. 
So. 


CCL 








~~] 
~j 
i) 
ray 
oo 
Or 
On 


: _ | ca if O10) 

"Forward VotageSegment DPW, |_[@ 
[Pak Waves | Ts | 
Dominant Wavelength® = == ge | 
ree 





Reverse Voltage/Segment or DP"! 
Temperature Coefficient of AV, /°C 
V,/Segment or DP 

Thermal Resistance LED Junction- RO, ow 

to-Pin 
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ray —_ 
] ro) 





AlGaAs Red 


Luminous Intensity/Segment!)2)*! ly 14. I, = 20 mA 

(Digit Average) 
| | 1.8 I, = 20 mA 
Forward Voltage/Segment or DP Vi 
F 


[Pee [ao [vito 
Dominant Ween de 
















Device 
Series 
HDSP- 


o 





o> 
~] 







—_ 
So 


5. 


Vv = 
V as 
Reverse-Voltage/Segment or DP"! I, = 100 pA 
' lo 


Temperature Coefficient of AV,/°C | mV/°C 
V,/Segment or DP 

Thermal] Resistance LED Junction- R€, pw 255 °C/W/Seg 
to-Pin 


High Efficiency Red 

















Parameter Symbol us actin oe’ Test Conditions 


Luminous Intensity/Segment!??.6 360 | 980 _ | 
(Digit Average) I, jicd 
[Yosef | pear 
Forward Voltage/Segment or DP Ewe ea 2.0 I, = 20 mA 
7501 | Peak Wavelength or ae 63 
V 
C 





on 
On So 


o> 
op) 










: = 
Reverse Voltage/Segment or DP"! a ae I, = 100 pA 


Temperature Coefficient of AV,/°C 
V,/Segment or DP 


Thermal Resistance LED Junction- R@, ow 
to-Pin 
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ray 
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Yellow 


Luminous Intensity/Segment!!:?.7] 
(Digit Average) | | 


Forward Voltage/Segment or DP 


Parameter Symbol 


I 
F 
7401 | Peak Wavelength | 
Dominant Wavelength"! | Fy | 
Reverse Voltage/Segment or DP"! 
F 
J-P 


Temperature Coefficient of AV,/°C 
V,,/Segment or DP 

Thermal Resistance LED Junction- RO soi 
to-Pin | 





High Performance Green 


Parameter a 


Luminous Intensity/Segment!?2.* 
(Digit Average) 7 


Forward Voltage/Segment or DP 


Peak Wavelength | ae 
Dominant Wavelength'*.*! Aa 
Reverse Voltage/Segment or DP"! 


Temperature Coefficientof AV,/°C 
V,/Segment or DP 

Thermal Resistance LED Junction- RO; ow 
to-Pin 


Notes: : 

1. Case temperature of device immediately prior to the intensity measurement is 25°C. 

2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package. 

3. The dominant wavelength, 4,, is derived from the CIE chromaticity diagram and is that single wavelength which defines the 
color of the device. . 

4. Typical specification for reference only. Do not exceed absolute maximum ratings. 

5. For low current operation the AlGaAs HDSP-A101 series displays are recommended. 

6. For low current operation the HER HDSP-7511 series displays are recommended. 

7. For low current operation the Yellow HDSP-A801 series displays are recommended. 

8. For low current operation the Green HDSP-A901 series displays are recommended. 

9. The yellow (HDSP-7400) and Green (HDSP-7800) displays are categorized for dominant wavelength. The category is 
designated by a number adjacent to the luminous intensity category letter. 
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Red, AlGaAs Red 


REQUIRES TEMPERATURE 


OPERATION IN THIS REGION 
DERATING OF Inc MAX. 
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TEMPERATURE 
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tp — PULSE DURATION - us 


tp - PULSE DURATION - is 


Figure 2. Maximum Allowed Peak Current 
vs. Pulse Duration - AlGaAs Red. 


Figure 1. Maximum Tolerable Peak 
Current vs. Pulse Duration — Red. 
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Ve — FORWARD VOLTAGE - V 


Ta — AMBIENT TEMPERATURE - °C 


Figure 3. Maximum Allowable DC 


Figure 4. Forward Current vs. 


Forward Voltage. 


t Temperature. 


1en 


Current per Segment as a Function 


of Amb 


? 


AlGaAs RED 





AONSIDIS43 SAILV14y¥ GAZIVAYON ~ 





(yw 02 LV L OL GSZITVWHON) 
ALISNA.LNI SNONIAN1 SAILV 184 


I pEAK — PEAK FORWARD CURRENT 
PER SEGMENT - mA 


Ip- FORWARD CURRENT PER SEGMENT - mA 


minous 


Intensity per Unit Current) vs. Peak 


Figure 6. Relative Efficiency (Lu 
Current. 
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minous 


Intensity vs. DC Forward Current. 


Figure 5. Relative Lu 


HER, Yellow, Green 


DC 


OPERATION IN THIS 
REGION REQUIRES 
TEMPERATURE 
DERATING OF | 
MAXIMUM 


DC OPERATION 
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Figure 8. Maximum Tolerable Peak 
Current vs. Pulse Duration - Yellow. 
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Figure 7. Maximum Tolerable Peak 
Current vs. Pulse Duration —- HER. 
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Ta — AMBIENT TEMPERATURE - °C 


Figure 10. Maximum Allowable DC Current 


per Segment as a Function of Ambient 


Temperature. 


Ip - FORWARD CURRENT PER SEGMENT -— mA 
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Figure 12. Relative Luminous © 
Intensity vs. DC Forward Current. 
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Figure 9. Allowable Peak Current 


Ve — FORWARD VOLTAGE - V 





vu — INSWO3S Yad LNSHYND GYVMHOS - 4] 


vs. Pulse Duration - Green. 
Figure 11. Forward Current vs. 
Forward Voltage Characteristics. 





1 peak - RELATIVE EFFICIENCY 


(NORMALIZED TO 1 AT 5 mA FOR HER AND 
YELLOW AND TO 1 AT 10 mA FOR GREEN) 





“9 20 40 60 


Ipeax — PEAK FORWARD CURRENT 
PER SEGMENT - mA 


Figure 13. Relative Efficiency 
(Luminous Intensity per Unit 
Current) vs. Peak Current. 


Electrical/Optical 

These displays use light emit- 
ting diodes, with the light from 
each LED optically stretched to 
form individual segments and 
decimal points. The Red HDSP- 
7300 series LEDs use a p-n | 
junction diffused into a GaAsP 
epitaxial layeronaGaAs = 
substrate. The AlGaAs Red 
HDSP-A150 series LEDs use 
double heterojunction AlGaAs 
on a GaAs substrate. HER 
HDSP-7500 and Yellow HDSP- 
7400 series LEDs have their p-n 
junctions diffused into a GaAsP 
epitaxial layer on a GaP 
substrate. The Green HDSP- 
7800 series LEDs use a liquid 
phase GaP epitaxial layer on 
GaP. 


These displays are designed for 
strobed operation. The typical 
forward voltage values can be 
scaled from Figures 4 and 11. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. Expected 
maximum V, values for driver 
circuit design and maximum 
power dissipation, may be 


calculated using the following 
V,MAX models: 


Red HDSP-7300 series 
V,MAX = 1.8 V + [,., (10 Q) 
For: I,.,, > 5 mA 


AlGaAs Red HDSP-A150 series 
V,MAX = 1.8 V + TL, (20 Q) 
‘For: I,,,, < 20 mA 
V,MAX = 2.0 V + I. (10 Q) 
For: 20 mA < I, < 100 mA 
V,MAX = 2.27 V + I, (7.2 Q) 
For I... 2 100 mA 


HER (HDSP-7500) and Yellow 
(7400) series 
V,MAX = 1.6 + I,., (45 Q) 
For: 5mA<I,_, <20mA 
V,MAX = 1.75 + I, (88 Q) 
For: I,.., 2 20 mA 
Green (HDSP-7800) series 
V,MAX = 2.0 + I, (50 Q) 
For: I, 2 5 mA 
Figures 6 and 13 allow the 
designer to calculate the 
luminous intensity at different 
peak and average currents. The 
following equation calculates 
intensity at different peak and 
average currents: 


4-95 


1 AVG = (I,AVG/I,AVG DATA 
SHEET\n,,,,(ly)DATA 
SHEET) 


Where: 

I AVG is the calculated time 
averaged luminous intensity . 
resulting from ILAVG. 

[AVG is the desired time 
averaged LED current. 

I,AVG DATA SHEET is the 
data sheet test current for 
I DATA SHEET. 

Teak 1S the relative efficiency at 
the peak current, scaled from 
Figure 6 or 13. 

I, DATA SHEET is the data 
sheet luminous intensity, 
resulting from ILAVG DATA 
SHEET. 


For example, what is the 
luminous intensity of an HDSP- 
7500 driven at 50 mA peak 1/5 
duty factor? 


T_AVG = (50 mA)(0.2) = 10 mA 
I. AVG DATA SHEET =5 mA 
Npeak = 1-62 

I, DATA SHEET = 980 picd 


Therefore 


I AVG = (10 mA/5 mA) 
(1.62)(980 pcd) 
= 1587 picd 
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Contrast Enhancement 


The objective of contrast 
enhancement is to provide good 
display readability in the end 
use ambient light. The concept 
is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 
is accomplished by having the 
OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 
these display devices are 
assembled with a gray package 
and matching encapsulating 
epoxy in the dots. 


Contrast enhancement may be 
achieved by using one of the 
following suggested filters: 


Red and AlGaAs Red (HDSP- 
7300/A150) 

Panelgraphic RUBY RED 60 

SGL-Homalite H100-1605 RED 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


HER (HDSP-7500) 

Panelgraphic SCARLET RED 65 

SGL-Homalite H100-1670 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


Yellow (HDSP-7400) 

Panelgraphic YELLOW 27 or 
GRAY 10 

SGL-Homalite H100-1720 
AMBER or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


Green (HDSP-7800) 

Panelgraphic GREEN 48 

SGL-Homalite H100-1440 
GREEN or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


For further information on 
contrast enhancement please 
see Application Note 1015. 


Mechanical | 
Specially developed plastics are 
used to optimize the displays 
optical performance. These 
plastics restrict the solvents 
that may be used for cleaning. 
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Only mixtures of Freon (F113) 
and alcohol should be used for 
vapor cleaning processes. Total 
immersion time in the vapors is 
two minutes. Some suggested 
mixtures are Freon TE, Arklone 
A or K, or Genesolv.DES. A 
60°C (140°F) water cleaning | 
process may also be used. This 
process includes a neutralizer | 
rinse (3% ammonia solution or 
equivalent), a surfactant rinse 
(1% detergent solution or 
equivalent), a water rinse, and a 
thorough air dry. Room 
temperature cleaning may be 
done with Freon T-E35 or T- 
P35, Ethanol, Isopropanol, or 
water with a mild detergent. 


Cleaning agents from the 
ketone family (acetone, methyl] 
ethyl ketone, etc.) and from the 
chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. All of these 
various solvents attack or 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 


For further information on | 
soldering LEDs please refer to 
Application Note 1027. 
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PACKARD 
10 mm (0.40 inch) Seven 
Segment Displays 
Technical Data HDSP-F001, F003, F007, F008 


HDSP-F151, F153, F157, F158 
HDSP-F201, F203, F207, F208 
HDSP-F301, F303, F307, F308 
HDSP-F401, F403, F407, F408 
HDSP-F501, F503, F507, F508 








s 

Features e Categorized for Luminous 3 
e Industry Standard Size Intensity = 
e Industry Standard Pinout Yellow and Green | & : 

7.6 mm (0.3 inch) DIP Categorized for Color 5 

Leads on 2.54 mm Use of Like Categories Yields 

(0.1 inch) Centers a Uniform Display 
¢ Choice of Colors ¢ High Light Output 

Red, AlGaAs Red, High ° High Peak Current 

=a aia. Orange, e Excellent for Long Digit 

: String Multiplexing metres (15 feet). These devices 


¢ Excellent Appearance 
Evenly Lighted Segments 
Mitered Corners on Segments 
Gray Package Gives 


use an industry standard size 
package and pinout. Both the 
numeric and +1. overflow 
devices feature a right hand 


e Intensity and Color 
Selection Option 


e Sunlight Viewable AlGaAs 


Optimum Contrast eee decimal point. All devices are 
+50° Viewing Angle Description available as either common 
* Design Flexibility The 10 mm (0.40 inch) LED anode or common cathode. 
Common Anode or seven segment displays are 
Common Cathode HP's most space-efficient char- Typical applications include 
Right Hand Decimal Point acter size. They are designed for instruments, point of sale 
+1. Overflow Character viewing distances up to 4.5 terminals, and appliances. 
Devices 
















AlGaAs 
Red Red!) HER | Orange | Yellow | Green . Package 
HDSP- | HDSP- | HDSP- | HDSP- | HDSP- | HDSP- Description . | Drawing 
Common Arde Right Hand Doin 
F003 F203 F303 | F503 | Common Cathode Right Hand Decimal] B __ 
F007 | F157 | F207 F307 | F507 | Common Anode +1. Overflow 
F008 F208 F308 | F508 | Common Cathode +1. Overflow te 


Note: 
1. These displays are recommended for high ambient light operation. Please refer to the HDSP-F10X Data sheet for low current 
operation. 
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Package Dimensions 


12.90 + 0.50 
(0.508 + 0.020) 





9.79 MAX. 


(0.385 MAX.) 


12.90 + 0.50 
(0.508 + 0.020) 


om a 





9.79 MAX. 
(0.385 MAX.) 


LUMINOUS INTENSITY CATEGORY 






COLOR BIN (NOTE 3) 





10.16 10.16 
(0.400) (0.400) 

DATE CODE 

5.08 2 
(0.200) 
. 4.06 MIN. 
6.36 MAX. (0.169 MIN.) 
(0.250 MAX.) 


NOTES: 

1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
3. FOR YELLOW AND GREEN SERIES PRODUCT ONLY. 


Internal Circuit Diagram 






NOTES: 


[avoo= | CATHODE PLUS 
ATHODE $ 2ANCUE g CATHODE MNUS 


CATHODE DP | ANODE DP CATHODE DP 


ANODE b CATHODE b | 


1. REDUNDANT ANODES 2. REDUNDANT CATHODES 







ANODE PLUS 





ANODE DP 
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Absolute Maximum Ratings 


Red 
HDSP-F00X | HDSP-F15X | HDSP-F20X/ | HDSP-F30X | HDSP-F50X 
Description Series i i i 


Peak Forward Current per 
Segment or DP 


DC Forward Current per 
Segment or DP 


| -40 to +100 
-55 to +100 


Reverse Voltage per 
Segment or DP 


Lead Solder Temperature for 3 
Seconds (1.59 mm [0.63 in.] 





below seating plane) 
Notes: 
1. See Figure 1 to establish pulsed conditions. 7. See Figure 8 to establish pulsed conditions. 
2. Derate above 80°C at 0.63 mA/°C. 8. Derate above 81°C at 0.52 mA/C. 
3. See Figure 2 to establish pulsed conditions. 9. See Figure 9 to establish pulsed conditions. 
4. Derate above 46°C at 0.54 mA/*C. 10. Derate above 39°C at 0.37 mA/C. 
5. See Figure 7 to establish pulsed conditions. 11. For operation below -20°C, contact your local HP 
6. Derate above 53°C at 0.45 mA/°C. components sales office or an authorized distributor. 
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Electrical/Optical Characteristics at T, 


Red 
Device 
Series Parameter 


Luminous Intensity/Segment!*#! 
(Digit Average) 


Forward Voltage/Segment or DP Le ed 
HDSP. Peak Wavelength 
FOOX Dominant Wavelength"! 


Temperature Coefficient of 
V,,/Segment or DP 






Device | 
Series Parameter Symbol 
Luminous Intensity/Segment!?:?)5 I, 7.5 | 15 
(Digit Average) 
| Forward Voltage/Segment or DP , 
HDSP- 
F15X 


Dominant Wavelength"! Fee il 
Reverse Voltage/Segment or DP"! Vv I= 100 pA | 


Temperature Coefficient of mvV/°C 
V,/Segment or DP 


mm 
ached 


Thermal Resistance LED : ae 


Junction-to-Pin 








High 7 Red 


Device 
| Series ae Symbol Typ. Max. Units Test Conditions 
. Luminous Intensity/Segment!?”! I. 420 | 1200 ‘T,=5mA 
(Digit Average) 
Forward VoltamaSeniient or DP ne I, = 20 mA 
HDSP- 
_ — 

















Peak Wavelength Ce 
Dominant Wavelen gthi?) ia 
I, = 100 pA 


aoe ae 

Reverse Voltage/Segment or DP"! te 
Temperature Coefficient of AV,/°C 
V,,/Segment or DP 


Thermal Resistance LED 95 pn 
Junction-to-Pin 
Orange 


Device 

Series Parameter sei Typ. 
Luminous ere 2] 420 | 1200 
(Digit Average) 


Forward Voltage/Segment or DP 
Peak Wavelength 

HDSP- Dominant Wavelength!*! ry 
a st a 
Reverse Voltage/Segment or DP“! Le 


Temperature Coefficient of AV,/° c 
V,/Segment or DP 

Thermal Resistance LED RO, pw 
Junction-to-Pin 





Units Test Conditions 


B 
< 
A 


zoney 


Parameter 


Luminous Intensity/Segment!?”! 
(Digit Average) 


Forward Voltage/Segment or DP 
Peak Wavelength - ane 


Dominant Wavelength® 6] 
Reverse Voltage/Segment or pp 


Temperature Coefficient of AV, ; 
V,/Segment or DP 





Thermal Resistance LED 
Junction-to-Pin 
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High Performance Green 


Device 
Series Parameter 


Luminous Intensity/Segment!)”! 
(Digit Average) 





Ea 


pad 
i) 
© 


Forward Voltage/Segment or DP 
Peak Wavelength 


ps [ve 


| 
577 


Dominant Wavelength!:®! 
Reverse Voltage/Segment or DP"! 


Temperature Coefficient of AV,/°C 
V,/Segment or DP 


Thermal Resistance LED R@,. 


; PIN 
Junction-to-Pin 


On bo 


Notes: 


1 
2. 
3 
4. 
5. 


6. 


. The dominant wavelength, A 


. Case temperature of device immediately prior to the intensity measurement is 25°C. 


The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package. 
is derived from the CIE chromaticity diagram and is that single wavelength which defines the 
color of the device. 
Typical specification for reference only. Do not exceed absolute maximum ratings. 

For low current operation, the AlGaAs HDSP-F10X series displays are recommended. They are tested at 1 mA dc/segment and 
are pin for pin compatible with the HDSP-F15X series. 

The Yellow (HDSP-F30X) series and Green (HDSP-F50X) series displays are categorized for dominant wavelength. The 
category is designated by a number adjacent to the luminous intensity category letter. 


RED, AlGaAs Red 
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RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1 AT 20 mA) 





1¢ - FORWARD CURRENT PER SEGMENT ~ mA | 


Figure 5. Relative Luminous Intensity vs. 
DC Forward Current. 


HER, Orange, Yellow, Green | 
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Figure 7. Maximum Tolerable Peak Current vs. 
Pulse Duration - HER, Orange. 
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Figure 9. Maximum Tolerable Peak Current vs. 
Pulse Duration - Green. 
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IpEAK — PEAK FORWARD CURRENT 
PER SEGMENT - mA 


TpeAK 7 NORMALIZED RELATIVE EFFICIENCY 
(NORMALIZED TO 1 AT 20 mA) 





Figure 6. Relative Efficiency (Luminous Intensity 
per Unit Current) vs. Peak Current. 
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Figure 8. Maximum Tolerable Peak Current vs. 


Pulse Duration - Yellow. 
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Figure 10. Maximum Allowable DC Curene vs. 
Ambient Temperature. 
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IpEAK ~ PEAK FORWARD CURRENT 
PER SEGMENT - mA 


Figure 13. Relative Efficiency (Luminous Intensity 


per Unit Current) vs. Peak Current. 


Electrical/Optical 


These displays use light emit- 
ting diodes, with the light from 
each LED optically stretched to 
form individual segments and 
decimal points. The Red HDSP- 
FOOX series LEDs use a p-n 
junction diffused into a GaAsP 
epitaxial layer on a GaAs 
substrate. The AlGaAs Red 
HDSP-F15X series LEDS use 
double heterojunction AlGaAs 
on a GaAs substrate. HER 
HDSP-F20X, Orange HDSP- 
F40X, and Yellow HDSP-F30X 
series LEDs have their p-n 
junctions diffused into a GaAsP 
epitaxial layer on a GaP sub- 
strate. The Green HDSP-F50X 
series LEDs use a liquid phase 
Gap epitaxial layer on GaP. 


3.0 4.0 5.0 


V,MAX models: 


»MAX = 1.8 V+ I,,,, (10 Q) 
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Bee gt A 
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os Sm oe el 

0 5 10 15 2 2 30 


lp - FORWARD CURRENT PER SEGMENT - mA 


Figure 12. Relative Luminous Intensity vs. 
DC Forward Current. 


These displays are designed for AlGaAs Red HDSP-F15X series 


strobed operation. The typical V,MAX = 1.8 V+ I,_, (20 Q) 
forward voltage values can be For: I,.., < 20 mA 
scaled from Figures 4 and 11. V,MAX = 2.0 V + I,_,, (10 Q) 
These values should be used to For: 20 mA <I, < 100 mA 

~ calculate the current limiting V,MAX = 2.27 V + I, (7.2 Q) 
resistor value and typical power For I,.., 2 100 mA | 


consumption. Expected | 
maximum V,, values for driver HER HDSP-F20X, Orange 


circuit design and maximum HDSP-F40X, and Yellow HDSP- 
power dissipation, may be F30X series 
calculated using the following V,MAX = 1.6 +1,_, (45 Q) 
For:5 mA <I... <20mA 
V,MAX = 1.75 + I,_, (38 Q) 
P-F A Peak 
Red HDSP-F00X series For: I,.,, 220 mA 


Green HDSP-F50X series 


V,MAX = 2.0 + I, (60 Q) 
For: I... >5 
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Figures 6 and 13 allow the 
designer to calculate the 
luminous intensity at different. 
peak and average currents. The 
following equation calculates 
intensity at different peak and 
average currents: 


L AVG = (1,AVG/1,AVG DATA 
SHEET)(n,,,,)(ly)DATA 
SHEET) | 


Where: : | 

I AVG is the calculated time 
averaged luminous intensity 
resulting from ILAVG. 

AVG is the desired time 
averaged LED current. 

I. AVG DATA SHEET is the 
data sheet test current for 
I, DATA SHEET. 

Teak 18 the relative efficiency at 
the peak current, scaled from 
Figure 6 or 13. 

I, DATA SHEET is the data 
sheet luminous intensity, 
resulting from ILAVG DATA 
SHEET. 


For example, what is the 
luminous intensity of an HDSP- 
F201 driven at 50 mA peak 1/5 
duty factor? 


1,AVG = (50 mA)(0.2) = 10 mA 
I,AVG DATA SHEET =5 mA 
Npeak = 1.63. bd 

I, DATA SHEET = 1200 cd 


Therefore 


I,AVG = (10 mA/5 mA) 
(1.63)(1200 ped) 
= 3912 ped 


Contrast Enhancement 
The objective of contrast 
enhancement is to provide good 
display readability in the end 
use ambient light. The concept 


is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 


__ is accomplished by having the 


OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 


these display devices are 


assembled with a gray package 
and matching encapsulating 
epoxy in the dots. 


Contrast enhancement may be 
achieved by using one of the 
following suggested filters: 


Red (HDSP-F00X) and AlGaAs 
Red (HDSP-F15X) 

Panelgraphic RUBY RED 60, or 
GRAY 10 

SGL-Homalite H100-1605 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


HER (HDSP-F20X) 

Panelgraphic SCARLET RED 
65, or GRAY 10 

SGL-Homalite H100-1670 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


Yellow (HDSP-F30X) 

Panelgraphic YELLOW 27 or 
GRAY 10° 

SGL-Homalite H100-1720 
AMBER or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY | 


Orange (HDSP-F40X) 

Panelgraphic AMBER 23, 
AMBER 26, or GRAY 10 

SGL-Homalite H100-1709 | 
AMBER or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY | | 
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Green (HDSP-F50X) 

Panelgraphic.GREEN 48, or 
GRAY 10 

SGL-Homalite H100-1440 
GREEN or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY | | 

For further information on 

contrast enhancement please 

see Application Note 1015. 


Mechanical 


Specially developed plastics are 
used to optimize the displays 
optical performance. These _ 
plastics restrict the solvents 
that may be used for cleaning. 
Only mixtures of Freon (F113) 
and alcohol should be used for 
vapor cleaning processes. Total 
immersion time in the vapors is 
two minutes. Some suggested 
mixtures are Freon TE, Arklone 
A or K, or Genesolv DI-15 or 
DE-15. A 60°C (140°F) water 
cleaning process may also be 
used. This process includes a 
neutralizer rinse (3% ammonia 
solution or equivalent), a 
surfactant rinse (1% detergent 
solution or equivalent), a water 
rinse, and a thorough air dry. 
Room temperature cleaning 
may be done with Freon T-E35 
or T-P35, Ethanol, Isopropanol, 
or water with a mild detergent. 


Cleaning agents from the 
ketone family (acetone, methyl 
ethyl ketone, etc.) and from the 
chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. All of these 
various solvents attack or 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 





7.6 mm (0.3 inch)/10.9 mm 
(0.43 inch) Seven Segment 


Displays 
Technical Data 


Features 

¢ Industry Standard Size 

¢ Industry Standard Pinout 
7.62 mm (0.300 inch) DIP 
Leads on 2.54 mm 

(0.100 inch) Centers 

Choice of Colors 

Red, AlGaAs Red, High 
Efficiency Red, Yellow, Green 


Excellent Appearance 
Evenly Lighted Segments 
Gray Package Gives 
Optimum Contrast 
+50° Viewing Angle 
¢ Design Flexibility 
Common Anode or 
Common Cathode 
Single Digits 
Left or Right Hand Decimal 
Point 
+1. Overflow Character 


Devices 









7751 E151 7651 7661 4601 


¢ Categorized for Luminous 
Intensity 
Yellow and Green 
Categorized for Color 
Use of Like Categories Yields 
a Uniform Display 

¢ High Light Output 

¢ High Peak Current 

e Excellent for Long Digit 
String Multiplexing 

¢ Intensity and Color 
Selection Available 
See Intensity and Color 
Selected Displays Data Sheet 

e Sunlight Viewable AlGaAs 


Description 

The 7.6 mm (0.3 inch) and 10.9 
mm (0.43 inch) LED seven 
segment displays are designed 


5082- | Red HDSP- | 5082- 5082- | HDSP- Description Drawing 
P| t610 [7620 | 9600 7 me Canton Anode ett Hand Decimal 

Crist [ | rer| tai | “ai [7 mo Common Anode ight Hand Decal 
eis | 1628 | 3608 [7.6 mm Common Cathode Right Hand Decimal 
Rete tel | 


7650 7660 10.9 mm Common Anode Left Hand Decimal 
| 4601 | 10.9 mm Common Anode Right Hand Decimal 


G 


HEWLETT 
PACKARD 


5082-7610, 7611, 7613, 


7616, 7620, 7621, 7623, 
7626, 7650, 7651, 7653, 
7656, 7660, 7661, 7663, 
7666, 7730, 7731, 7736, 
7740, 7750, 7751, 7756, 
7760 


HDSP-3600, 3601, 3603, 


3606, 4600, 4601, 4603, 
4606, E150, E151, E153, 
E156 


for viewing distances up to 3 
metres (10 feet) and 5 metres 
(16 feet). These devices use an 
industry standard size package 
and pinouts. All devices are 
available as either common 
anode or common cathode. 






7760 E153 7653 7663 | 4603 | 10.9 mm Common Cathode Right Hand Decimal 


E156 7656 7666 10.9 mm Universal +1. Overflow Right Hand Decimal!?! 
Notes: 


1. These displays are recommended for high ambient light operation. Please refer to the HDSP-E10X AlGaAs and HDSP-335X 
HER data sheet for low current operation. 
2. Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagram H. 


: 

3 2 

7616 | 7626 | 3606 | 7.6 mm Universal +1. Overflow Right Hand Decimal!?! a ee 
, 3 
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These displays are ideal for 
most applications. Pin for pin 
equivalent displays are also 
available in a low current or 
high light ambient design. The 


Package Dimensions 


5.18 





10° 


R.H.D.P. 


5.72 (.225) ere? 


LUMINOUS _ | 
INTENSITY COLOR BIN 


CATEGORY. NOTES 










-_ 12.70 (.500) 
aa | 


6.35 


(.250) 
4.06 (.160)} 


ai i 
To | alex, | 


7.62 
(.300) 





END VIEW 


low current displays are ideal 
for portable applications. The 
high light ambient displays are 
ideal for high light ambients or 


additional information see the 
- Low Current Seven Segment: 
Displays, or High Light 


long string lengths. For 


19.05 + 0.25 
(.750 + .010) 














‘COLOR BIN -254'(.010) 


4.45 (:175) 
NOTE 8 


LUMINOUS 
INTENSITY 
CATEGORY 


19.05 + 0.25 
(.750 + .010) 





0.51 
(.020) © 


DATE CODE 






7.01 (.276) 





N 
ven R.H.D.P. 
_ 6.35 (.250) 4+——>|<——+- 5.21 (.205) 


-F,G FRONT VIEW 


' LUMINOUS 
INTENSITY 
CATEGORY 





19.05 + 0.25 
(.750 + .010) 


DATE CODE | 
SIDE VIEW 
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10.16 (.400) 


Ambient Seven Segment 
Displays data sheets. 


FUNCTION 


ee eae Da aly 3 
CATHODE-a [CATHODE-a |NOPIN | ANODE-d 
CATHODE-f |CATHODE-f | CATHODE‘ 

Cc 


[ANODE | CATHODE-d 


[NOPIN | ANODE-g__ | CATHODE-c 
INOPIN | ANODE-e__ | CATHODE-e 
CATHODE-dp|NO CONN.) | ANODE-d | ANODE-e 


7 [CATHODE |CATHODES [NO PIN | 
NO PIN | ANODE-dp 
CATHODE 
CATHODE-dp 
|CATHODE-g |CATHODE-g | ANODE-c | CATHODE-b 
CATHODE-a 
ANODE-a 


NO PIN [ANODE-b 


CATHODE-b | CATHODE-b’ 
ANODE?! [NODES 





NOTES; 
1. DIMENSIONS IN 


MILLIMETRES AND 
(INCHES). 


2. ALL UNTOLERANCED 
DIMENSIONS ARE 
FOR REFERENCE 
ONLY. 


_ 3. REDUNDANT 
ANODES. 


4. UNUSED DP 
POSITION. 


5. SEE INTERNAL 
CIRCUIT DIAGRAM. 


6. REDUNDANT 
CATHODE. 


7. SEE PART NUMBER 
‘TABLE FOR LH.D.P. 
AND R.H.D.P. 
DESIGNATION. 
" g, FOR YELLOW AND 
GREEN DEVICES 
ONLY. 


10.16 
7 (.400) MAX. i 


4.57 
sted 


(.180) 
4.06 (.160) i; 
MIN. 


FT He 0.25 (.010) 


7.62 (.300) 





A,B,C,D END 





19.05 + 0. 
(.750 +. 








H NOTE4 













fos FUNCTION 
a 
CATHODE-a | 
CATHODE-f 
|ANODE®! | ANODE! _| CATHODE | 
INOPIN_[NOPIN|NOPIN | CATHODE 
INOPIN | NOPIN | NOPIN | CATHODE- 
[CATHODE-dp| NO CONN.*! | NO CONN." [ANODE-e 


7 |CATHODE-e | CATHODE-e | ANODE-e ANODE-c 
E-d 


—H 
CATHODE-d 
ANODE-d 


ANODE-a 









[CATHODE-d | CATHODE-d | ANODE-d | ANODE-dp 
NO CONN.) | CATHODE-dp ANODE-dp | CATHODE-dp 


CATHODE-c | CATHODE-c | ANODE-c | CATHODE-b 
CATHODE-g | CATHODE-g | ANODE-g | CATHODE-a 
CATHODE-b | ANODE-b | ANODE-a 
| ANODE®! ~— | CATHODE"! | ANODE-b 
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CATHODE-b 





Internal Circuit Diagram 


SOUD STATE DISPLAYS 























Red 
5082-7700 


AlGaAs Red 
HDSP-E150 


HER 
5082-7610/ 
7650 Series 


Yellow Green 
5082-7620/ | HDSP-3600/ 


Lead Solder Temperature for 3 
Seconds (1.59 mm [0.063 in.] 
below seating plane 


Notes: 

. See Figure 1 to establish pulsed conditions. 
. Derate above 80°C at 0.63 mA/C. 

. See Figure 2 to establish pulsed conditions. 
. Derate above 46°C at 0.54 mA/C. 

. See Figure 7 to establish pulsed conditions. 
Derate above 53°C at 0.45 mA/*C. 

See Figure 8 to establish pulsed conditions. 
. Derate above 81°C at 0.52 mA/°C. 

See Figure 9 to establish pulsed conditions. 
Derate above 39°C at 0.37 mA/°C. 

. For operation below -20°C, contact your local HP components sales office or an authorized distributor. 
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AlGaAs Red 





Device | 4 _ | | 
Series | Parameter _ Symbol | Units | Test Conditions 
ucd = ) | 


nous Intensity/Segment™ 
(Digit Average) | 


Forward Voltage/Segment or DP 


Peak Wavelength 


Dominant Wavelength!! 





Thermal Resistance LED 
| Junction-to-Pin 


Device 
Series 


Luminous Intensity/Segment!!?.5! 
(Digit Average) 


Forward Voltage/Segment or DP | 


Peak Wavelength 
| Dominant Wavelength"! 
Reverse Voltage/Segment or DP"! 


Temperature Coefficient of 
V,/SegmentorDP 


Thermal Resistance LED J unction- 
to-Pin | 
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High Efficiency Red : 
Device 
Series Parameter - Symbol Typ. | Max. Units Test Conditions 
5082-7610 | Luminous Intensity/Segment!!:2-4 340 | 800 el ped =| 1,=5mA 
(Digit Average) | i 
5082-7650 340 | 1115 i 4 


Forward Voltage/Segment or DP 
Peak Wavelength 635 
All 










Dominant Wavelength"! . , 
Reverse Voltage/Segment or DP"! Va 


Temperature Coefficient of AV,/°C 
V,,/Segment or DP 
Thermal Resistance LED ROo cin 
Junction-to-Pin 

Yellow 


Device | 
Series Parameter 
5082-7620 | Luminous Intensity/Segment!!?) 
(Digit Average) : 


5082-7660 | 290 | / 
Forward Voltage/Segment or DP = p | 22 2.5 ‘I,=20mA 
Peak Wavelength =e os 
All 












SOLD STATE DISPLAYS 





















Dominant Wavelength!®-7] . : 
Reverse Voltage/Segment or DP"! 3.0 p40 f 

Temperature Coefficient of AV,/°C mV/°C 

V,/Segment or DP 


Thermal Resistance LED RO 
Junction-to-Pin 
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High Performance Green 


Device | 7 Test 
Series ralapdeloauine , Symbol Typ. | Max. | Units coueons 





Dominant Wavelength®.7] x 
All a aa ee 
Reverse Voltage/Segment or DP Pea 
mags Sabine Coefficient of AV,/° 
V,/Segment or DP 
Thermal Resistance LED = 
Junction-to-Pin 


1. Device case iemperataea is 25°C prior to the intensity measurement. 

2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package. 

3. The dominant wavelength, 4 4 is derived from the CIE chromaticity diagram and is that single wavelength which defines the 
color of the device. | | 


Notes: 


. Typical specification for reference only. Do-not exceed absolute maximum ratings. 

. For low current operation, the AlGaAs HDSP-E10X series displays are recommended. They. are e tested at 1 mA ier 
and are pin for pin compatible with the HDSP-E15xX series. 

. For low current operation, the HER HDSP-335X series displays are recommended. They are tested at 2 mA de/segment and 
are pin for pin compatible with the 5082-7650 series.. | 

. The Yellow (5082-7620/7660) and Green (HDSP-3600/4600) displays are categorized for dominant wavelength. The category is 
designated by a number adjacent to the luminous peo category letter. 
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Figure 6. Relative Efficiency 


minous 


(Luminous Intensity per Unit 
Current) vs. Peak Current. 
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Red, AlGaAs Red 
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Figure 10. Maximum Allowable DC Current 


vs. Ambient Temperature. 
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_ Figure 12. Relative Luminous 
Intensity vs. DC Forward Current. 


Vr ~ FORWARD VOLTAGE - V 
Figure 11. Forward Current vs. 


Forward Voltage. 


Electrical/Optical 


These displays use light 
emitting diodes, with the light 
from each LED optically 
stretched to form individual 
segments and decimal points. 
The Red 5082-7730/7750 series 
LEDs use a p-n junction 
diffused into a GaAsP epitaxial 
layer on a GaAs substrate. The 
AlGaAs Red HDSP-E150 series 
LEDs use double heterojunction 
AlGaAs on a GaAs substrate. 
HER 5082-7610/7650 and 
Yellow 5082-7620/7660 series 
LEDs have their p-n junctions 
diffused into a GaAsP epitaxial 
layer on a GaP substrate. The 
Green HDSP-3600/4600 series 
LEDs use a liquid phase GaP 
epitaxial layer on GaP. 


These displays are designed for 
strobed operation. The typical 
forward voltage values can be 
scaled from Figures 4 and 11. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. Expected 
maximum V, values for driver 
circuit design and maximum 
power dissipation may be 
calculated using the following 
V,MAX models: 


Red 5082-7730/7750 series 


V,MAX = 1.8 V + I,,, (10 Q) 
For: I, > 5 mA 


AlGaAs Red HDSP-E150 series 


V,MAX = 1.8 V + I, (20 Q) 
For: I,.4, < 20 mA 

V,MAX = 2.0 V + I. (10 Q) 
For: 20 mA <I,_, < 100 mA 
V,MAX = 2.27 V + T_, (7.2 Q) 
For I... 2 100 mA 


HER (5082-7610/7650) and 
Yellow (5082-7620/7660) series 


V,MAX = 1.6 + I, (45 Q) 
For:5mA<I, ,<20mA 


Peak ~ 


V,MAX = 1.75 + I... (38 Q) 
For: I, , >20mA 


Peak — 


Green (HDSP-3600/4600) series 


V,MAX = 2.0 + I,,, (60 Q) 
For: I, >5 


Figures 6 and 13 allow the 
designer to calculate the 
luminous intensity at different 
peak and average currents. The 
following equation calculates 
intensity at different peak and 
average currents: 


I AVG = (I,AVG/I,AVG DATA 
SHEET)(n,,,,,)(lyDATA 
SHEET) 


Where: 

I AVG is the calculated time 
averaged luminous intensity 
resulting from I,AVG. 

I AVG is the desired time 
averaged LED current. 

I_AVG DATA SHEET is the 
data sheet test current for 
I,DATA SHEET. 

Teak 18 the relative efficiency at 
the peak current, scaled from 
Figure 6 or 13. 

I, DATA SHEET is the data 
sheet luminous intensity, 
resulting from ILAVG DATA 
SHEET. 


For example, what is the 
luminous intensity of a 5082- 
7610 driven at 50 mA peak 1/5 
duty factor? 


T.AVG = (50 mA)(0.2) = 10 mA 
1,AVG DATA SHEET = 5 mA 
Npeak = 1-62 

I, DATA SHEET = 800 jicd 


Therefore 


I AVG = (10 mA/5 mA) 
(1.62)(800 jcd) 
= 2592 ucd 
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Contrast Enhancement 


The objective of contrast 
enhancement is to provide good 
display readability in the end 
use ambient light. The concept 
is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 
is accomplished by having the 
OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 
these display devices are 
assembled with a gray package 
and matching encapsulating 
epoxy in the dots. 


Contrast enhancement may be 
achieved by using one of the 
following suggested filters: 


?2) 
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a. 
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Red and AlGaAs Red (5082- 
7730/7750/HDSP-E150) 

Panelgraphic RUBY RED 60 

SGL-Homalite H100-1605 RED 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


HER (5082-7610/7650) 

Panelgraphic SCARLET RED 65 

SGL-Homalite H100-1670 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


Yellow (5082-7620/7660) 

Panelgraphic YELLOW 27 or 
GRAY 10 

SGL-Homalite H100-1720 
AMBER or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


Green (HDSP-3600/4600) 

Panelgraphic GREEN 48 

SGL-Homalite H100-1440 
GREEN or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


For further information on 
contrast enhancement please 
see Application Note 1015. 


Mechanical 


Specially developed plastics are 


used to optimize the displays 
optical performance. These 
plastics restrict the solvents 
that may be used for cleaning. 
Only mixtures of Freon (F113) 
and alcohol should be used for 
vapor cleaning processes. Total 
immersion time in the vapors is 
two minutes. Some suggested 
mixtures are Freon TE, Arklone 
Aor K, or Genesolv DES. A 
60°C (140°F) water cleaning 


process may also be used. This 
process includes a neutralizer 
rinse (3% ammonia solution or 
equivalent), a surfactant rinse 
(1% detergent solution or 
equivalent), a water rinse, and a 
thorough air dry. Room 
temperature cleaning may be. 
done with Freon T-E35 or T- 
P35, Ethanol, Isopropanol, or _ 
water with a mild detergent. 


Cleaning agents from the 
ketone family (acetone, methyl. 
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ethyl ketone, etc.) and from the 
chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for © 
cleaning LED parts. All of these 
various solvents attack or 
dissolve the encapsulating 
epoxies used to form the pack- _ 
age of plastic LED parts. 


For further information on 
soldering LEDs please refer to 
Application Note 1027. 


G3 HEWLETT 


PACKARD 





14.2 mm (0.56 inch) 


- HDSP-5301, 5303, 5307, 5308, 
Seven Segment Displays pea Gass 


HDSP-H151, H153, H157, H158 


HDSP-5501, 5503, 5507, 5508, 
Technical Data 5521, 5527 


HDSP-5701, 5703, 5707, 5708, 
5721, 5723 

HDSP-5601, 5603, 5607, 5608, 
5621, 5623 


Features e Categorized for Luminous 


¢ Industry Standard Size Intensity 
e Industry Standard Pinout Yellow and Green Categorized 


. for Color 
15.24 mm (0.6 in.) DIP Leads 
on 2.54 mm (0.1 in.) Centers Use of Like Categories Yields 


¢ Choice of Colors a Uniform Display 
Red, AlGaAs Red, High ¢ High Light Output 
Efficiency Red, Yellow, Green ° High Peak Current 

e Excellent Appearance e Excellent for Long Digit 
Evenly Lighted Segments String Multiplexing 


Mitered Corners on Segments  ° Intensity and Color 
Gray Package Gives Optimum Selection Option 


Contrast See Intensity and Color 
23 feet). Th 
+50° Viewing Angle Selected Displays Data Sheet rie sarah areas ee 
¢ Design Flexibility ¢ Sunlight Viewable AlGaAs _ standard size package and 
Common Anode or Common — pinout. Both the numeric and +1 
Cathode - Description overflow devices feature a right 
Single and Dual Digits The 14.2 mm (0.56 inch) LED hand decimal point. All devices 
Right Hand Decimal Point seven segment displays are are available as either common 
+1. Overflow Character designed for viewing distances anode or common cathode. 
Devices 












HDSP-| HDSP-" | HDSP-"! | HDSP- | HDSP- Description _ | Drawing 
wisi | S501 | S701 | 5601 | Common Anode Right Hand Decimal [A 
rises [mass —[ aoe —[ abe ie Gees og ioc 
sar | mist [8607 | 6707 [8607 | Common Anode HI, Overflow | © 


5321 5521 5721 5621 | Two Digit Common Anode Right Hand 
| | Decimal 
_ 5723 Two Digit Common Cathode Right Hand F 
Decimal 


Note: | 
1. These displays are recommended for high ambient light operation. Please refer to the HDSP-H10X/K12X AlGaAs and HDSP- 
555X HER data sheet for low current operation. 
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These displays are ideal for 
most applications. Pin for pin 
equivalent displays are also — 
available in a low current 
‘design. The low current displays 


Package Dimensions 
FRONT VIEW A, B 








10° LUMINOUS 
INTENSITY 
CATEGORY 






: + 2 14.22 
ar _ . (0.56) 
+.01 —— g 
- DATE 
CODE 
4.81 
(.191) 
17.02 + .25 


(.673) 
t ty / 
Ts 0 
12.573 
bo (.495) —o] 
MAX 
FRONT VIEW C, D 









2, ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 


TOP END VIEW A,B,C, D 
: | hime 
oe, ee . - a, 7.80 10° 
i 8.00 254 (.307) | 
. | OB (010) : TYP (.318) 
| ave 18 17 16 15 14 13 12 1110 
| | | | | 1 | 
| | [] 


12345 2% 
z 4.81 | 6.86 L 
~ (.191) (.270) 


SIDE VIEW A,B, C, D - | (500) 





are ideal for portable applica- 
tions. For additional ; 
information see the Low 
Current Seven Segment — 
Displays data sheet. 


TOP END VIEW E, F 







COLOR 
COLOR BIN (NOTE 5) BIN .762 (.030) 
020) (.100) 
TYP LUMINOUS TYP 
INTENSITY 
=== CATEGORY oy 
oe (.020) 
| 1.19 TYP 


(.047) 


2.337 
(,092) 


jE i 





2.54 (.100) 
TYP: 
MIN . 
DATE CODE 


3.95 (.155) 


MIN. . SIDE VIEW 


8.00 






| 17.02 + .25 


bean es A (.673) 


| . +.01 
Tae NO. 1 









12.700 
FRONT VIEW E, F 


FUNCTION ; ——— : 





| | 4 7 rt? 
[4 [GATHODEe [ANODEe | CATHODEe | ANODEc | ECATHODENO.1__| EANODENO.’ | 
[2 [eaTHODEd | ANODEd | ANODEc,d | CATHODEGd | DCATHODENO.1__| DANODENO.1 | 
[3 [ANODE | CATHODE | CATHODEb | ANODE | CCATHODENO.1_| CANODENO.1 | 
[4 | CATHODE © | ANODEc | ANODE®,b, DP | CATHODE sb, DP _| DPCATHODENO.1 | DPANODENO.i | 
[5 | CATHODE DP| ANODEDP | CATHOPDEDP | ANODEDE | ECATHODENO.1 | EANODENO.2 | 
[6 [caTHODEb [ANODE | CATHODEa | ANODEa | DCATHODENO.2 
[7 [CATHODE a | ANODEa | ANODEs,b, DP_| CATHODE sb, DP_| GCATHODENO.2 | GANODENO.2 | 

|_8 | ANODE | CATHODE! | ANODEc,d | CATHODEcd — | CCATHODENO.2 | CANODENO.2 | 
[—e_| CATHODE | ANODE? 
Tu ft] dCSSSCSSSCSCSSCC CATHODE NO.2 | AANODENO.2 | 
ae [deat N02 | FANODENO.2 | 
ras | dd i ic NO. 2 ANODE | DIGIT NO. 2 CATHODE | 
a [ic 0. 1 ANODE | DIGIT NO. 2 CATHODE | 
as [J atone no.2 | BANODENO.1 | 
fiw] CATHODE NO. 1 
Ta | dd ATHODE NO. | _GANODENO.Y | 
pe [dd CATHODE NO. | FANODENO.1 | 
NOTES: 3. REDUNDANT ANODES. - 

1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 4. REDUNDANT CATHODES. 


5. FOR HDSP-5600/-5700 SERIES PRODUCT ONLY. 
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Internal Circuit Diagram 
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HER Yellow Green 
HDSP-5500 | HDSP-5700 | HDSP-5600 





et Oe! mW 


naa ey | 
DC Forward Current per 25'2! 40!4) 301°! mA 
Segment or DP 3 


Operating Temperature Range -40 to +100 | -20 to +100°" -40 to +100 : es. 


mW 
°C 
| 


Storage Temperature Range -55 to +100 . 





Reverse Voltage per 
Lead Solder Temperature for 
3 Seconds (1.59 mm [0.63 in.] 
below seating plane) 
Notes: 
1. See Figure 1 to establish pulsed conditions. 7. See Figure 8 to establish pulsed conditions. 
2. Derate above 80°C at 0.63 mA/°C. 8. Derate above 81°C at 0.52 mA/°C. 
3. See Figure 2 to establish pulsed conditions. 9. See Figure 9 to establish pulsed conditions. 
4. Derate above 46°C at 0.54 mA/*C. 10. Derate above 39°C at 0.37 mA/°C. 
5. See Figure 7 to establish pulsed conditions. 11. For operation below -20°C, contact your local HP 
6. Derate above 53°C at 0.45 mA/°C. components sales office or an authorized distributor. 
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Electrical/Optical Characteristics at T, = 25°C 
Red 


Device 
Series | 
HDSP- Parameter | : ; ; Test Conditions 


L = 20 mA 
_ | Luminous Intensity/Segment!??! J | ped : 
(Digit Average) | I, = 100 mA Peak: 
| | 1 of 5 df | 
| aan V I, = 20mA 


V,,/Segment or DP 


Thermal Resistance LED Junction- 
to-Pin | 


AlGaAs Red 


Luminous Intensity/Segment!?2:5} 9.1 
(Digit Average) 


F 


v 

Peak Wavelength - | a 
| Dominant Wavelength®! 
R 





I 
Forward Voltage/Segment or DP | V 
ry 


_ | Reverse Voltage/Segment or DP"! 
. Temperature Coefficient of | a — AVC 
V,,/Segment or DP : 
Thermal Resistance LED Junction- RO, pin 
to-Pin | 
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High Efficiency Red 
Test Conditions 


Device 
Series | 
HDSP- Parameter Symbol Typ. | Max. | Units 
I,=10mA 


re [| 
Luminous Intensity/Segment!!?:5 ee yucd 
(Digit Average) 3700 I, = 60 mA Peak: 
1 of 6 df 
jomedaoieemnebr [wy | [aap ae |W [Bean 
Peak Wavelength | tree | | 65] | mm | 













Thermal Resistance LED Junction- 
to-Pin 


RO, -Pin 


Yellow 


Luminous Intensity/Segment!?2) 
(Digit Average) 


Device 
Series 
HDSP.- Parameter 


Forward Voltage/Segment or DP 
5700 
Peak Wavelength 


Reverse Voltage/Segment or DP"! 

Temperature Coefficient of AV,/°C 
V,/Segment or DP 

Thermal Resistance LED Junction- R®, pin 
to-Pin 


F 
Dominant Wavelength'.”! 581.5 
F 
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High Performance Green 


Device 
_ Series 
HDSP- | — Parameter 


Luminous Intensity/Segment!?-7] 


(Digit Average) ; I, = 60 mA Peak: | 
1 of 6 df 


Peak Wavelength 
Dominant Wavelength!.7) 
Reverse Voltage/Segment or DP"! Vr 


Temperature Coefficient of 
V,/Segment or DP 


Thermal Resistance LED Junction- 
to-Pin 





Notes: 
1. Device case temperature is 25°C prior to the intensity measurement. 
2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package. 


3. The dominant wavelength, A,, is derived from the CIE chromaticity diagram and is that single wavelength which defines the 
color of the device. 


4. Typical specification for reference only. Do not exceed absolute maximum ratings. 


5. For low current operation, the AlGaAs HDSP-H10X series displays are recommended. They are tested at 1 mA dc/segment 
and are pin for pin compatible with the HDSP-H15X series. 


6. For low current operation, the HER HDSP-555X series displays are recommended. They are tested at 2 mA dc/segment and 
are pin for pin compatible with the HDSP-550X series. 


7. The Yellow (HDSP-5700) and Green (HDSP-5600) displays are categorized for dominant wavelength. The category is 
designated by a number adjacent to the luminous intensity category letter. . | 


Red, AlGaAs Red 
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Figure 3. Maximum Allowable DC Current vs. 
Ambient Temperature. 
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Figure 5. Relative Luminous 
Intensity vs. DC Forward Current. 
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Figure 4. Forward Current vs. 
Forward Voltage. 
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Figure 6. Relative Efficiency (Luminous Intensity 
per Unit Current) vs. Peak Current. 
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Figure 10. Maximum Allowable DC. Current 


vs. Ambient Temperature. 
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Figure 12. Relative Luminous Intensity vs. 


DC Forward Current. 
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Figure 11. Forward Current vs. Forward 


Voltage. 


Figure 9. Maximum Tolerable Peak 
Current vs. Pulse Duration - Green. 
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PER SEGMENT - mA 


Figure 13. Relative Efficiency (Luminous Intensity 


per Unit Current) vs. Peak Current. 
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Electrical/Optical 


These displays use light emit- 
ting diodes, with the light from 
each LED optically stretched to 
form individual segments and 
decimal points. The Red HDSP- 
5300 series LEDs use a p-n 
junction diffused into a GaAsP 
epitaxial layer on a GaAs 
substrate. The AlGaAs Red 
HDSP-H150 series LEDs use 
double heterojunction AlGaAs 
on a GaAs substrate. HER 
HDSP-5500 and Yellow HDSP- 
5700 series LEDs have their p-n 
junctions diffused into a GaAsP 
epitaxial layer on a GaP 
substrate. The Green HDSP- 
5600 series LEDs use a liquid 
phase GaP epitaxial layer on 
GaP. 


These displays are designed for 
strobed operation. The typical 
forward voltage values can be 
scaled from Figures 4 and 11. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. Expected 
maximum V,, values for driver 
circuit design and maximum 
power dissipation, may be 
calculated using the following 
V,MAX models: 


Red HDSP-5300 series 
V,MAX = 1.8V +1, (10 Q) 
For: I. > 5 mA 


AlGaAs Red HDSP-H150 series 
V,MAX = 1.8 V + I,_,, (20 Q) 
For: I... < 20 mA 

V,MAX = 2.0 V + I. (10 Q) 

For: 20 mA < I, < 100 mA 

V,MAX = 2.27 V + Inu, 

(7.2 Q) 
> 100 mA 


Peak ~ 


Peak 


For I 


HER (HDSP-5500) and Yellow 
(5700) series 
V,MAX = 1.6 + I, (45 Q) 
For:5 mA <I, <20mA 
V,MAX = 1.75 + I. (88 Q) 
For: I,_, >20mA 


Peak ~ 


Green (HDSP-5600) series 
V,MAX = 2.0 + I... (60 Q) 
mA 


Peak 
For: en >5 


Figures 6 and 13 allow the 
designer to calculate the 
luminous intensity at different 
peak and average currents. The 
following equation calculates 
intensity at different peak and 
average currents: 


L AVG = (1,AVG/I,AVG DATA 
SHEET)(n,,,,)IyDATA 
SHEET) 


Where: 

AVG is the calculated time 
averaged luminous intensity 
resulting from ILAVG. 

I AVG is the desired time 
averaged LED current. 

T.AVG DATA SHEET is the 
data sheet test current for I, 
DATA SHEET. 

Teak 18 the relative efficiency at 
the peak current, scaled from 
Figure 6 or 13. 

I, DATA SHEET is the data 
sheet luminous intensity, 
resulting from ILAVG DATA 
SHEET. 


For example, what is the 
luminous intensity of an HDSP- 
5500 driven at 50 mA peak 1/5 
duty factor? 


I.AVG DATA SHEET = 10 mA 


Neeak = 1.3 
I, DATA SHEET = 2800 pied 


Therefore 


LAVG = (10 mA/10 mA) 
(1.3)(2800 cd) 
= 3640 cd 


4-123 


Contrast Enhancement 


The objective of contrast 
enhancement is to provide good 
display readability in the end 
use ambient light. The concept 
is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 
is accomplished by having the 
OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 
these display devices are 
assembled with a gray package 
and matching encapsulating 
epoxy in the dots. 


Contrast enhancement may be 
achieved by using one of the 
following suggested filters: 


5 
a 
a 
a 
ho 
Pes 
7) 
a 
— 
ro) 
7) 





Red and AlGaAs Red (HDSP- 
5300/H150) 

Panelgraphic RUBY RED 60 

SGL-Homalite H100-1605 RED 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


HER (HDSP-5500) 

Panelgraphic SCARLET RED 
65 

SGL-Homalite H100-1670 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


Yellow (HDSP-5700) 

Panelgraphic YELLOW 27 or 
GRAY 10 

SGL-Homalite H100-1720 
AMBER or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


Green (HDSP-5600) 

Panelgraphic GREEN 48 

SGL-Homalite H100-1440 
GREEN or Hi00-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


For further information on | 
contrast enhancement please 
see Application Note 1015. 
Mechanical 

Specially developed plastics are 
used to optimize the displays 
optical performance. These 
plastics restrict the solvents 
that may be used for cleaning. 
Only mixtures of Freon (F113) 
and alcohol should be used for 
vapor cleaning processes. Total 
immersion time in the vapors is 
two minutes. Some suggested 
mixtures are Freon TE, Arklone 
A or K, or Genesolv DES. A 
60°C (140°F) water cleaning 
process may also be used. This 
process includes a neutralizer 
rinse (3% ammonia solution or > 
equivalent), a surfactant rinse 
(1% detergent solution or — 
equivalent), a water rinse, and a 
thorough air dry.Room 
temperature cleaning may be 
done with Freon T-E35 or T- 
P35, Ethanol, Isopropanol, or 
water with a mild detergent. 


Cleaning agents from the 
ketone family (acetone, methyl 
ethyl ketone, etc.) and from the 
chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. All of these 
various solvents attack or | 
dissolve the encapsulating - 
epoxies used to form the 
package of placa LED parts. 


For further Ahoenation on 


soldering LEDs please refer to 
Application Note 1027. . 
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G3 HEWLETT 


PACKARD 








20 mm (0.8 inch) HDSP-3400, 3401, 3403, 3405, 
7 3406 
Seven Segment Displays HDSP-N150, N151, N153, 
N155, N156 
‘ HDSP-3900, 3901, 3903, 3905, 
Technical Data 3906 
HDSP-4200, 4201, 4203, 4205, 
4206 
- HDSP-8600, 8601, 8603, 8605, 
8606 
Features Categorized for Color p 
¢ Industry Standard Size Use of Like Categories Yields = 
¢ Industry Standard Pinout a Uniform Display re 
15.24mm (0.6 in.) DIP Leads ° High Light Output B 
on 2.54 mm (0.1 in.) Centers e High Peak Current = 
¢ Choice of Colors e Excellent for Long Digit i 
Red, AlGaAs Red, High String Multiplexing 
_ Efficiency Red, Yellow, Green Intensity and Color 
¢ Excellent Appearance Selection Option 
Evenly Lighted Segments See Intensity and Color 
Mitered Corners on Segments Selected Displays Data Sheet 
Gray Package Gives e Sunlight Viewable AlGaAs 
Optimum Contrast 
+50° Viewi cial 
: ee Description These displays are ideal for 
° Design Flexibility The 20 “ach ess ; ; 
Cea ean Anca ac Common e 20 mm (0.8 inc ) LED most applications. Pin for pin 
Cathode | seven segment displays are equivalent displays are also 
Left and Right Han d@ Decimal designed for viewing distances available in a low current 
Points up to 10 metres (33 feet). These design. The low current displays 
Et -Oveclow Charades devices use an industry are ideal for portable applica- 
i . : standard size package and tions. For additional 
* Categorized for Luminous —_jinout, All devices are available information see the Low 
Intensity as either common anode or Current Seven Segment 
Yellow and Green common cathode. Displays data sheet. 
Devices 


Red | AlGaAs"! | HER Yellow | Green Package 
HDSP- | HDSP- | HDSP HDSP- | HDSP- Description Drawing 


3403_| _Ni59_[ 3903 [4203 | 8603 | Common Cathode Right Hand Decimal | _C 
3406 [4205 | 8605 | Common Cathode Left Hand Decimal | __D__ 
[—si0s [wise [3906 | 4206 [8606 | Universal, Overfow = 


Notes: 

1. These displays are recommended for high ambient light operation. Please refer to the HDSP-N10X AlGaAs data sheet for low 
current operation. 

2. Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagram E. 
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Package Dimensions 


11.07 
(0.436) 

























14+ 1 + ! 
24 + 2] + 2 
31+ 3 + 3 
4} + 4 
ait 
20.32 se ee 51 + 5 18.87 
(0.800) mi 61 4 6 (0.743) 
a foes 2 27.69 + 0.25 ; i : 
8] + | 11 (1.090 + 0.010) v 
9 9 9 
LHDP NOTE 4 


RHDP RHDP 
NOTE 4 


1.27 


ry (0.050) ¢ (0.050) 

| : 
\ GLCHARACTER |S eHaRActer ¢ 
: » Lpackace | : E_ PACKAGE PACKAGE 
i we 


| | |. FRONT VIEW A, D _ .FRONT VIEW B, C FRONT VIEW E 

















19.96 MAX. oJ. 
| (0.786 MAX.) "| ; 






. CATEGORY 









(0.020) 









1 
2 
3 
4 
5 
6 
7 
8 
if 


CATHODE f 


‘ANODE®! 


CATHODE f 
ANODE! ! 


ANODEf 
CATHODE®! 


ANODE f 
CATHODE!®! 


Function 
lites es . ; . as ot i , PELs Co ; : ‘ 7 2 ; : : Cc 
- wee | | NO PIN NO PIN NO PIN NO PIN NO PIN 
canrenaiee 0.51 CATHODE a | CATHODE a | ANODE a ANODE a CATHODE a 


ANODE d 
CATHODE d 


“ COLOR CATHODE e | CATHODEe | ANODE e ANODE e CATHODE c 
BENZ) ANODE!*! ANODE®! — | CATHODE!) | CATHODE" | CATHODE e 
8.38 + 0.25 CATHODE dp | NO. CONNEC.| NO. CONNEC:| ANODE dp ANODE e 
cc 0.330 + 0.010) > 2s Bie NO PIN NO PIN . . | NO PIN NO PIN | CATHODE dp 
\ } (0200) NO PIN NO PIN | NO PIN NO PIN _'| NO PIN 
2 me NO PIN CATHODE dp | ANODE dp,__| NO.PIN | ANODE dp 
6.1 MIN. 1.02 S PIN 2 AND 17 CATHODE d | CATHODEd |ANODEd | ANODEd CATHODE dp 
(0.240 MIN.) (0.040) bs§ ANODE®! ANODE®! CATHODE! .| CATHODE"! | CATHODE b 
= oe AS ee CATHODE c | CATHODE c | ANODE c ANODE’c. _ | ANODE b 
| o = CATHODE g | CATHODE g | ANODE g- ANODE g ANODE c 
S : CATHODE b | CATHODE b | ANODE b ANODE b ANODE a 
0.38 (0.015) ia NO PIN NO PIN NO PIN Pe NO PIN 2 NO PIN 
- . é -| ANODE ANODE CATHODE! | CATHODE CATHODE a 
ea ae | 15.24 + 0.25 2.54 + 0.25 NO PIN NO PIN _|NO PIN NO PIN NO PIN 


” (0.600 + 0.010) 


END VIEW 





(0.100 + 0.010) 
DATE CODE 


SIDE VIEW 


NOTES:. . ac, 

1. DIMENSIONS IN MILLIMETERS AND (INCHES). 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
3. REDUNDANT ANODES. : ; 
4, UNUSED dp POSITION. 

5. SEE INTERNAL CIRCUIT DIAGRAM. 

6. REDUNDANT CATHODES. 


7. FOR HDSP-4200/-8600 SERIES PRODUCT ONLY. 





Internal Circuit Diagram 
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Absolute Maximum Ratings 


Red AlGaAs Red 
, HDSP-3400 | HDSP-N150 
Description Series 
Average Power per Segment 115 105 105 
or DP 
0 






Peak Forward Current per 16083! 135!) 1355 
Segment or DP 


Storage Temperature Range -55 to +100 


Reverse Voltage per 3.0 
Segment or DP 


Lead Solder Temperature 
for 3 Seconds (1.59 mm 
[0.63 in.] below seating 
plane) 


” 
< 
7 
(vom 
a 
ren 
= 
7) 
a 
a 
. Oo 
a) 





Notes: 

1. See Figure 1 to establish pulsed conditions. 
Derate above 45°C at 0.83 mA/°C. 

See Figure 2 to establish pulsed conditions. 
Derate above 55°C at 0.8 mA/°C. 

See Figure 7 to establish pulsed conditions. 
Derate above 50°C at 0.73 mA/°C. 

See Figure 8 to establish pulsed conditions. 
. Derate above 50°C at 0.54 mA/°C. 


Bi OV Pe Ob 


Electrical/Optical Characteristics at T, = 25°C 


Red 
Device 
Series Parameter Symbol Typ. | Max. | Units | Test Conditions 


Luminous Intensity/Segment!??! ly 500 | 1200 
(Digit Average) 
| Forward Voltage/Segment or DP E we : 
ot -_ 
i esl 





pat 
oO 


Peak Wavelength 


Dominant Wavelength"! 
Reverse Voltage/Segment or DP"! 3.0 


F 
Temperature Coefficient of AV,/°C 
V,/Segment or DP 
Thermal Resistance LED Junction- RO, ow 
to-Pin 


is) 


[-¥) 
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AlGaAs Red : _ nie, ta 
Device | | ; | | : 
Series Parameter | Symbol Typ. Units | Test Conditions | 
Luminous Intensity/Segment!2:*) | | a 14.0 I, = 20 mA 7 
(Digit Average) _ | 

| | 1,=20mA 


I, = 100 mA | 




























Thermal Resistance LED Junction- R06, 
to-Pin | 


















High Efficiency Red | 


Device | _ 
Series Parameter Symbol Typ. Units | Test Conditions 


3350 | 7000 ued | I, = 100 mA Peak: 
I, : 1 of 5 df 
= 
| I,=100mA 


Luminous Intensity/Segment!?”) 
(Digit Average) 


| Thermal Resistance LED Junction- 
to-Pin 


4-128 


Yellow 


Device 
Series 


; 
Luminous Intensity/Segment!?)”! | 1 of 5 df 
(Digit Average) 


Green 




















Luminous Intensity/Segment!?”! 
(Digit Average) 


Forward Voltage/Segment orDP | V, | | 21 | 25 | 

HDSP- | Peak Wavelength | Aveae | | 566 me 
8600 

gth' | sm | srr | 





d I, = 50 mA Peak: 
lof 5 df 


Dominant Wavelength": 
Reverse Voltage/Segment or DP"! 
F 


Temperature Coefficient of AV,/°C 
V,/Segment or DP | 
Thermal Resistance LED Junction- R@, om 
to-Pin - 


Notes: 

1. Case temperature of the device immediately prior to the intensity measurement is 25°C. 

2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package. 

3. The dominant wavelength, 1,, is derived from the CIE chromaticity diagram and is that single wavelength which defines the 
color of the device. 

4. Typical specification for reference only. Do not exceed absolute maximum ratings. 

5. For low current operation, the AlGaAs Red HDSP-N100 series displays are recommended. They are tested at 1 mA dc/_ 
segment and are pin for pin compatible with the HDSP-N150 series. 

6. The Yellow (HDSP-4200) and Green (HDSP-8600) displays are categorized for dominant wavelength. The category is 
designated by a number adjacent to the luminous intensity category letter. 
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| pEAK ~ PEAK FORWARD CURRENT 
PER SEGMENT 


Intensity per Unit Current) vs. Peak Current. 


Figure 6. Relative Efficiency (Lu 
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Figure 5. Relative Lu 
DC Forward Current. 
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Figure 10. Forward Current vs. Forward Voltage. 


Figure 8. Maximum Allowed Peak Current vs. 


Pulse Duration - Green. 
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Figure 9. Maximum Allowable DC Current vs.. 


Ambient Temperature. 


Figure 7. Maximum Allowed Peak Current vs. 


Pulse Duration —- HER, Yellow. 
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Figure 12. Relative Efficiency (Lu 
per Unit Current) vs. Peak Current. 
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| - - FORWARD CURRENT PER SEGMENT — mA 


Figure 11. Relative Luminous Intensity vs. 


DC Forward Current. 


Electrical/Optical 
These displays use light emit- 
ting diodes, with the light from 


each LED optically stretched to 


form individual segments and 
decimal points. The Red HDSP- 
3400 series LEDs use a p-n 
junction diffused into a GaAsP 
epitaxial layer on a GaAs 
substrate. The AlGaAs Red 


~HDSP-N150 series LEDs use 


double heterojunction AlGaAs 
on a GaAs substrate. HER 
HDSP-3900 and Yellow HDSP- 
4200 series LEDs have their p-n 
junctions diffused into a GaAsP 
epitaxial layer on a GaP sub- 
strate. The Green HDSP-8600 
series LEDs use a liquid phase 
GaP epitaxial layer on GaP. 


These displays are designed for 
strobed operation. The typical 
forward voltage values can be 
scaled from Figures 4 and 10. 
These values should be used to 
calculate the current limiting 
resistor value and typical power 
consumption. Expected 
maximum V,, values for driver 
circuit design and maximum 
power dissipation, may be 
calculated using the following 
V,MAX models: 


Red HDSP-3400 series 


V,MAX = 1.8 V + I,,,, (10 Q) | 


For: I,.4, > 5 


‘AlGaAs Red HDSP-N150 series | 


V,MAX = 1.8V+1,_, (20 Q) 
For: I, .,, < 20 mA 
V,MAX = 2.0 V + I... (10 Q) 
For: 20 mA < I, < 100 mA 
V,MAX = 2.27 V + I, (7.2 Q) 
For L..,, 2 100 mA | 
HER (HDSP-3900) and Yellow 
(HDSP-4200) series 
V,MAX = 1.9 + I... (21.8 Q) 
For: 10 mA < [,,,, < 30 mA 
V,MAX = 2.15 + I, (13.5 Q) 
For: I,., 230 mA 


Peak ~ 


Green (HDSP-8600) series 
V,MAX = 2.0 V + I, (50 Q) 
For: I, > 5 mA 
Figures 6 and 12 allow the 
designer to calculate the 
luminous intensity at different 
peak and average currents. The 
following equation calculates 
intensity at different peak and 
average currents: 


I AVG = (1,AVG/,AVG DATA 
SHEET)(n,,,,\0,DATA 
SHEET) 
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Where: = oth S 

I AVG is the calculated time 
averaged luminous intensity 
resulting from I,AVG 

I AVG is the desired time 
averaged LED current | 

IAVG DATA SHEET is the 
data sheet test current for 
I,DATA SHEET | 

Npeak 18 the relative efficiency at 
the peak current, scaled from 
Figure 6 or 12 

I, DATA SHEET is the data 
sheet luminous intensity, 
resulting from I,AVG DATA 
SHEET 


For example, what is the 
luminous intensity of an HER 
HDSP-3900 driven at 135 mA 
peak 1/6 duty factor? 


I,AVG = (135 mA)( 1/6) rae 


22.5 mA 
1,AVG DATA SHEET = 20 mA 
Npeak = 1-03 | 
I, DATA SHEET = 7000 picd 
Therefore | 
L AVG = (22.5 mA/20 mA) 
(1.03)(7000 pcd) 
= 8111 pcd © 


Contrast Enhancement 


The objective of contrast 
enhancement is to provide good 
display readability in the end 
use ambient light. The concept 
is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 
is accomplished by having the 
OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 
these display devices are 
assembled with a gray package 
and matching encapsulating 
epoxy in the dots. 


Contrast enhancement may be 
achieved by using one of the 
following suggested filters: 


Red and AlGaAs Red (HDSP- 
3400/N 150) 

Panelgraphic RUBY RED 60 

SGL-Homalite H100-1605 RED 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


HER (HDSP-3900) 

Panelgraphic SCARLET RED 
65 

SGL-Homalite H100-1670 RED 
or H100-1250 GRAY 

3M Louvered Filter R6310 RED 
or ND0220 GRAY 


Yellow (HDSP-4200) 

Panelgraphic YELLOW 27 or 
GRAY 10 

SGL-Homalite H100-1720 
AMBER or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


Green (HDSP-8600) 

Panelgraphic GREEN 48 

SGL-Homalite H100-1440 
GREEN or H100-1250 GRAY 

3M Louvered Filter ND0220 
GRAY 


For further information on 
contrast enhancement please 
see Application Note 1015. 


Mechanical 

Specifially developed plastics 
are used to optimize the _ 
displays optical performance. 
These plastics restrict the | 
solvents that may be used for 
cleaning. Only mixtures of 
Freon (F113) and alcohol should 
be used for vapor cleaning 
processes. Total immersion time 
in the vapors is two minutes. 
Some suggested mixtures are 
Freon TE, Arklone A or K, or 
Genesolv DES. A 60°C (140°F) 
water cleaning process may also 
be used. This process includes a 


4-133 


neutralizer rinse (3% ammonia 
solution or equivalent), a 
surfactant rinse (1% detergent 
solution or equivalent), a water 
rinse, and a thorough air dry. 
Room temperature cleaning 
may be done with Freon T-E35 
or T-P35, Ethanol, Isopropanol, 
or water with a mild detergent. 


Cleaning agents from the 
ketone family (acetone, methy] 
ethyl ketone, etc.) and from the 
chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for 
cleaning LED parts. All of these 
various solvents attack or — 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 


For further information on 
soldering LEDs please refer to 
Application Note 1027. 
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2.3 Inch AlGaAs Red 5 x 8 Dot 
Matrix Alphanumeric 


Displays 
Technical Data 


Features GaAs material technology. This 
¢ Very Large Character LED material has outstanding 
Height _ 7 light output efficiency over a 
e Easily Expandable to wide range of drive currents. 
apres Displays The color is deep red at the 
° X-Y Stackable dominant wavelength of 637 


¢ Wide Viewing Angle 
¢ Ideal for Graphics Panels 
¢ Exceptional Brightness 


HDSP-P15X Series Designed 
for High Ambient Light 
Conditions 


¢ Categorized for Intensity 
¢ Mechanically Rugged 


Description 


The large 5 x 8 dot matrix 
alphanumeric display uses 
newly developed Double 
Heterojunction (DH) AlGaAs/ 


nanometres. The 2.3 inch 
(58.4 mm) display is ideal for 
applications such as graphics | 
displays and moving message 
panels. | 


The HDSP-P10X and HDSP- 
P15X have different optical 
characteristics that are 
optimized for different 
applications. The HDSP-P10X 
and HDSP-P15X displays differ 
in the amount of diffusant. The 
HDSP-P10X uses a large 
amount of diffusant. This 
causes the dots to have a 


Absolute Maximum Ratings at 25°C 


Average Power per Dot........... aebieaee cesaniapatomecwess doisievcssatencies 36 mW 
Peak Forward Current per Dot!) woo eceessssssseseeceseecevcesees 125 mA 
Average Forward Current per Dot. ..............cccsccsessesscsnssssnenseneees 11 mA 
Operating Temperature Rane .............cccsssserseeceeeeees ...-20°C to +85°C 
Storage Temperature RanZe ..............cccccccesssesssereceeeeees -20°C to +85°C 
Reverse Voltage per Dot ..................s000 Gust Sass eanauesnsseeiceccetaseesiaeaates 3V 
Lead Solder Temperature ...............cccssessssssceesssrereeeeeees 260°C for 3 sec. 
(1.59 mm [1/16 inch] below seating plane) 
Note: 


1. Do not exceed maximum average current per dot. 
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Gs: HEWLETT 


PACKARD 





HDSP-P101/HDSP-P151 
HDSP-P103/HDSP-P153 





uniform appearance across the 
light emitting area. The HDSP- 
P15X uses a smaller amount of 
diffusant. This causes the dots 
to appear brightest in the 
center. The HDSP-P15X is 
designed for high ambient light 
conditions or long viewing _ 
distances, where brightness is 
more important than | 
uniformity. 


Package Dimensions 


LEFT SIDE VIEW FRONT VIEW pg DIA. 


FUNCTION 
HDSP-P101/P151 HDSP-P103/P153 


r 


ROW 6 ANODE ROW 6 CATHODE 
ROW 8 ANODE ROW 8 CATHODE 
COLUMN 2 CATHODE COLUMN 2 ANODE 
COLUMN 3 CATHODE COLUMN 3 ANODE 





ROW 5 ANODE ROW 5 CATHODE 
45.22 60.90 + 0.25 COLUMN 5 CATHODE COLUMN 5 ANODE 
(1.708) (2.396 + 0.010) ROW 7 ANODE ROW 7 CATHODE 
ROW 3 ANODE ROW 3 CATHODE 
ROW 1 ANODE ROW 1 CATHODE 
COLUMN 4 CATHODE COLUMN 4 ANODE 
COLUMN 3 CATHODE COLUMN 3 ANODE 
ROW 4 ANODE ROW 4 CATHODE 
COLUMN 1 CATHODE COLUMN 1 ANODE Nn 
ROW 2 ANODE ROW 2 CATHODE s 
*NOTE: PIN 4 AND 11 ARE INTERNALLY CONNECTED. o 
re 
= 
in 
LUMINOUS S 
INTENSITY a 
DATE CODE 38.00 + 0.25 CATEGORY a. 





(1.496 +0.010) 





So NOTES: 
(0.350) 1. ALL DIMENSIONS IN MILLIMETRES (INCHES). 
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
051 co ; 
: “*,, MIN 
END VIEW (0.252) 
e e e 
Internal Circuit Diagram 
COMMON ROW ANODE COMMON ROW CATHODE 
COLUMN COLUMN 





HDSP-P101/P151 HDSP-P103/P153 
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Electrical/Optical Characteristics at T, = 25°C 


Parmeter Smt | Mi [ [| Uaio[Tot Conlons 


Luminous Intensity/Dot (Digit Average)" © | | pcd I, = 50 mA: 1/5 duty 
} 6000 | } 15000 | 


HDSP-P101 factor (10 mA Avg.) 
HDSP-P151) 
<i Sane Cs Me i oe ae aM 
[Dominant Wavelong™ SY = | oo? | | am 
[ForwardVatageDot Sd | dt | 28] Yee toma 
[Reverse VaageDol™ dt Va ~| 80 | a0 || V | tnt00na 
[Temperature Couficent Ve fayrc| [20 | | avee | 
RO 18 


Thermal Rosietance LED J anction to Pin 
per Package 



























Notes: 

1. The displays are categorized for luminous intensity with the intensity category designated by a letter on the bottom end of the 
package. The luminous intensity minimum and categories are determined by computing the numerical average of the 
individual dot intensities. 

2. The HDSP-P151 is designed for high ambient light operation. Mixing the HDSP-P101 and the HDSP-P151 displays may cause 
digit to digit mismatch. 

3. The dominant wavelength, 4, is derived from the C.LE. Chromaticity diagram and is that single wavelength which defines 
the color of the device. 

4. Typical specification for reference only. Do not exceed absolute maximum ratings. 
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T, MAX = 110°C. 
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Operational 
Considerations 
Electrical Description 

These display devices are 
composed of light emitting 
diodes, with the light from each 
LED optically stretched to form 
individual dots. 


These display devices are well 
suited for strobed operation. 
The typical forward voltage can 
be scaled from Figure 2. These 
values should be used to 
calculate the current limiting 
resistor value and the typical 
power dissipation. Expected 
maximum V,, values, for driver 
circuit design and maximum 
power dissipation, may be 
calculated using the following 
V,MAX model: 


V,MAX = 1.8 V + I, (20 Q) 
For: I,_,<20 mA 


Peak — 


V,MAX = 2.0 V + I. (10 Q) 
For: I,.. >20mA 


Peak — 


Figure 3 allows the designer to 
calculate the luminous intensity 
at different peak and average 
currents. The following equation 
calculates intensity at different 
peak and average currents: 


1 AVG = (1,AVG/1,AVG DATA 
SHEET)(n,,,,yDATA 
SHEET) 


Where: 

I AVG is the desired time 
averaged LED current. 

I.AVG DATA SHEET is the 
time averaged data sheet test 
current for I. DATA SHEET. 

Neak 18 the relative efficiency at 
the peak current, scaled from 
Figure 3. 

I AVG is the calculated time 
averaged luminous intensity 
resulting from I,AVG. 


For example, what is the 
luminous intensity of an 
AlGaAs Red (HDSP-P15X) 
driven at 100 mA peak 1/100 
duty factor? 


LAVG = (100 mA)(0.01) = 1 mA 
I,AVG DATA SHEET = 10 mA 
Npeak = 0-97 

I, DATA SHEET = 15000 picd 


Therefore 
I,AVG = (1 mA/10 mA)(0.97) 
(15000 pcd) 


= 1455 ucd 


Thermal Considerations 


The device thermal resistance 
may be used to calculate the 
junction temperature of the 
central LED. The following 
equation calculates the junction 
temperature of the central 
(hottest) LED. 


fie = Ty + (P,, (RO, CN) 
RO, = RO, ,. + RO 


J-PIN PIN-A 


T, is the junction temperature of 
the central LED. 

T, is the ambient temperature. 

P,, is the power dissipated by 
one LED. 

N is the number of LEDs on per 
character. 

V,MAX is calculated using the 
appropriate V,, model. 

R60, is the package thermal 
resistance from the central 
LED to the ambient. 

RO, pn 18 the package thermal 
resistance from the central 
LED to the pin. 

RO,,x.4 18 the thermal resistance 
from the pin to the ambient. 


For example, what is the 
maximum ambient temperature 
an HDSP-P1XX can operate 
with the following conditions: 
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Toe, = 125 mA 
1,AVG = 11mA 
RO,,, = 50°C/W 
N = 40 

T,MAX = 110°C 


V,MAX = 2.0 V + (0.125 A) 
(10 Q) = 3.25 V 
P,, = (3.25 V\(0.011 A) 
= 0.03575 W 
T, = 110°C - (50°C/W) 
(0.03575)(40) = 38.5°C 


The maximum number of dots 
on for the ASCII character set is 
20. What is the maximum 
ambient temperature an HDSP- 
P1XX can operate with the 
following conditions: 
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Toeak = 125 mA 
T.AVG =11mA 
RO, = 50°C/W 
N = 20 

T ,MAX = 110°C 


V,MAX = 2.0 V + (0.125 A) 
(10 Q) = 3.25 V 
P,, = (3.25 V)(0.011 A) 
= 0.03575 W 
T, = 110°C - (50°C/W) 
(0.03575)(20) = 74.3°C 


Contrast Enhancement 

The objective of contrast 
enhancement is to provide good 
display readability in the end 
use ambient light. The concept 
is to employ both luminance and 
chrominance contrast techniques 
to enhance the readability. This 
is accomplished by having the 
OFF dots blend into the display 
background and the ON dots 
stand out vividly against this 
same background. Therefore, 
these display devices are 
assembled with a gray package 
and matching encapsulating 
epoxy in the dots. 


Contrast enhancement may be 
achieved by using one of the. 
following suggested filters: 


Panelgraphic RUBY RED 600 or. 


GRAY 10 


SGL-Homalite 11100-1605 RED 


or H100-1650 GRAY 


3M Louvered Filter R6310 RED 


or ND0220 GRAY 
For further information on 
contrast enhancement please | 
see Application Note 1015. 


Mechanical | 


Specially developed plastics are 


used to optimize the displays _ 


optical performance. These. 
plastics restrict the solvents | 
that may be used for cleaning. 
Only mixtures of Freon (F113) 
and alcohol should be used for. 
vapor cleaning processes. Total 


immersion time in the vapors is | 


two minutes. Some suggested 
mixtures are Freon TE, Arklone 
A or K, or Genesolv DI-15 or 
DE-15. A 60°C (140°F) water 
cleaning process may also be | 
used. This process includes a 
neutralizer rinse (3% ammonia 
solution or equivalent), a 
surfactant rinse (1% detergent 
solution or equivalent), a water 
rinse, and a thorough air dry. 
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Room temperature cleaning 

may be done with Freon T-E35 
or T-P35, Ethanol, Isopropanol, 
or water with a mild detergent. 


Cleaning agents from the — 
ketone family (acetone, methyl 
ethyl ketone, etc.) and from the 
chlorinated hydrocarbon family 
(methylene chloride, trichloro- 
ethylene, carbon tetrachloride, 
etc.) are not recommended for © 
cleaning LED parts. All of these 
various solvents attack or 
dissolve the encapsulating 
epoxies used to form the 
package of plastic LED parts. 


G 


Features 


e NUMERIC 
5082-7300/-7302 
0-9, Test State, Minus 
Sign, Blank States, 
Decimal Point 
7300 Right Hand D. P. 
7302 Left Hand D.P. 


HEWLETT 
PACKARD 





e HEXADECIMAL 


5082-7340 

0-9, A-F, Base 16 
Operation, 
Blanking Control, 
Conserves Power, 
No Decimal Point 


e TTL COMPATIBLE 


e INCLUDES DECODER/DRIVER WITH MEMORY 
8421 Positive Logic Input 
e 4x 7 DOT MATRIX ARRAY 
Shaped Character, Excellent Readability 
¢ STANDARD DUAL-IN-LINE PACKAGE 
INCLUDING CONTRAST FILTER 
15.2 mm x 10.2 mm (0.6 inch x 0.4 inch) | 


e CATEGORIZED FOR LUMINOUS INTENSITY 


Description 


The HP 5082-7300 series solid state numeric and hexa- 
decimal displays with on-board decoder/driver and memory 
provide 7.4 mm (0.29 inch) displays for reliable, low-cost 
methods of displaying digital information. 


The 5082-7300 numeric display decodes positive 8421 
BCD logic inputs into characters 0-9, a “—” sign, a test 
pattern, and four blanks in the invalid BCD states. The 
unit employs a right-hand decimal point. | 


Package Dimensions 


7300 


7302 


0082-7300 
0082-7302 
9082-7304 
0082-7340 


HEXADECIMAL 
AND NUMERIC 


DISPLAYS 








The 5082-7302 is the same as the 5082-7300, except that 
the decimal point is located on the left-hand side of the 
digit. 


The 5082-7340 hexadecimal display decodes positive 8421 


logic inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
(all LEDs off), without losing the contents of the memory. 
Applications include terminals and computer systems using 
the base-16 character set. 


The 5082-7304 is a (£1) overrange display including a 
right-hand decimal point. 


The ESD susceptibility of these IC devices is Class A of 
MIL-STD-883 or Class 2 of DOD-STD-1686 and DOD- 
HDBK-263. 


Applications 


Typical applications include point-of-sale terminals, in- 
strumentation, and computer system. 


7340 


10.2 MAX 
re (0.400) =| 
| hd Li a | 













LUMINOUS 
INTENSITY 
CATEGORY 


DATE CODE 


10.2 MAX. 10.2 MAX. 
(0.400) as is (0.400) “| 
= or = 















ie a 2.5 + 0.13 TYP. 
(0.10 + 0.005) 
<—$ 


28 Bs 
a 4.3 
(0.17) 





4-139 


| 0-10° 
: 15 
SEATING : (.06) 
PS SEATING PLANE See 
15.2 CANE : (.135) 
"k | oe 
0.3 + 0.08 TYP. 4) & 
(0.012 : 0.003) 1.3 TYP. |-085 + 0.08 TYP. 
NW bane (.050) | le (0.020 + 0.003) 










5082-7300 

and 7302 5082-7340 
Numeric | Hexadecimal 
Input 2 


Input 4 Input 4 
Input 8 Input 8 





Latch 






| 8 | Input 1 Input 1 


Notes: 

1. Dimensions in millimeters and 
(inches). 

2. Unless otherwise specified, the 
tolerance on all dimensions is 
+0.38 mm (+ 0.015 inch). 

3. Digit certer line is +£0.25 mm 
(+0.01 inch) from package center 
line. 


Decimal Blanking 
Point Control | 


‘Latch . 
Enable Enable 
[6 | Ground | Ground | 
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Absolute Maximum Ratings 


Description 
Storage temperature, ambient 


Tien 


| Maximum solder temperature at 1.59mm (.062 inch) 
below ae planes. ts <5 seconds . : 


Description | 

Supply Voltage 

Operating temperature, case 
Enable Pulse Width 


Time data must be held before positive transition 
of enable line 


Time data must be held after positive transition 
of enable si 








Test Conditions 
Supply eurent Voc = 5.8 V Gua 


a) i 
eer Le [veseteere | | 
<a an x 
= 





| Logic low-level input voltage 


Logic high-level input voltage 


Enable low-voltage; data being 
entered 

Enable high-voltage; data not 
being entered 

Blanking low-voltage; display 
not blanked "” 

Blanking high-voltage; display 
blanked ") 





















[Logic lowrlevel input urrent 


as 
 Wec=5.5V, Varmasv |_| 
Wee=85VVu=0.av |_| 
Wec=5.5V, Vnr=e.av | 
Wer5.5V, Vai=0av | 
a ee 
apes 

ai 

is 


To = 25°C 

Weigh et nce 
Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: Oya = 50° C/W; ®jc = 
15° C/W; 2. @ca of a mounted display should not exceed 35°C/W for operation up to Tc =+85°C. 3.Voltage values are with respect to device 
ground, pin 6. 4. All typical values at Vcc = 5.0 Volts, Ta = 25°C. 5. These displays are categorized for luminous intensity with the intensity 
category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The luminous 
intensity at a specific case temperature, ly(Tc) may be calculated from this relationship: ly(Tc) = ly (25°C) e [-0. 0188/°C(Tc_ 25°C)] 
7. Applies only to 7340. 8. The dominant wavelength, Ag, is derived from the CIE chromaticity diagram and represents the nee 
wavelength which defines the color of the device. | 
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No. t 
Veo 7 
tserup thoto ENABLE 5 


DATA INPUT 
(LOW LEVEL DATA) 












LOGIC g8—r]X1 
INPUT  2—>Ixq 
pp!2} 4 


DATA INPUT 


(HIGH LEVEL DATA) 1.5V 


ENABLE 







<q 
E 
i 
kK 
LATCH MATRIX < 
MEMORY DECODER a 
>) 
oO 
io) 
= 
= 
DP g 
a 
a 
i) 
o 








INPUT {3] LED 
‘CONTROL MATRIX MATRIX 
GROUND 6 aera 
~ Ve - BLANKING VOLTAGE - V 
Figure 1. Timing Diagram of 5082-7300 Figure 2. Block Diagram of 5082-7300 Figure 3. Typical Blanking Control 
Series Logic. Series Logic. Current vs. Voltage for 5082-7340. 








ip - BLANKING CURRENT - mA 
Ig - LATCH ENABLE CURRENT - mA 








lin - LOGIC CURRENT - mA 


wy 
s 
Qa 
2) 
r=) 
uJ 
om 
< 
= 
(e) 
Qa 
pa 
co) 
7p) 





Tc - CASE TEMPERATURE -°C Ve - LATCH ENABLE VOLTAGE - Vv Vin - LOGIC VOLTAGE V 
Figure 4. Typical Blanking Control Figure 5. Typical Latch Enable Input Figure 6. Typical Logic and Decimal 
Input Current vs. Temperature, Current vs. Voltage for the 5082- Point Input Current vs. Voltage for 
5082-7340. 7300 Series Devices. the 5082-7300 Series Devices. 









TRUTH TABLE 


BCD DATA!1! 
5082-7300/7302 | 5082-7340 
1 
L 
L H 


L 


Be 















H 
L 


H 






















(BLANK) 


(BLANK) 








GoRReGocguae 

Be GGeeGkuS 

Gat ao Ee et 
x! 














(BLANK) 
(BLANK) 
ON Vap = 
DECIMAL PT. !2! pp E 
OFF Vpp = 
eaiaueit LOAD DATA Ve =L 
LATCH DATA Ve =H 
anes DISPLAY-ON Vg =L 
DISPLAY-OFF Vg =H 


Decimal Point Applies to 5082-7300 
and -7302 Only. 


Notes: 

1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. input have no effect upon 
display memory, displayed character, or D.P. 

2. The decimal point input, DP, pertains only to the 5082-7300 and 
5082-7302 displays. 

3. The blanking control input, B, pertains only to the 5082-7340 
hexadecimal display. Blanking input has no effect upon display 
memory. 


Solid State Over Range Display 


For display applications requiring a+, 1, or decimal point designation, the 5082-7304 over range display is available. This 
display module comes in the same package as the 5082-7300 series numeric display and is completely compatible with it. 


Package Dimensions 


FUNCTION 


; Numeral One 
SEATING 5 N “alo 
PLANE ; umerai One 





S SEATING 


PLANE 


| ___ 0.5 +0.08 TYP. 
0.3 +0.08 TYP, "4.020 :.003) | 8 | Minus/Pius 
(.012 +.003) 2.5 +.13 TYP. | 
(.10 +.005) 








1. DIMENSIONS IN MILLIMETERS AND (INCHES). 
2. UNLESS OTHERWISE SPECIFIED, THE TOLERANCE 
ON ALL DIMENSIONS !S +0.38 MM (+0.015 INCHES). 





TRUTH TABLE FOR 5082-7304 





NOTES: L: Line switching transistor in Figure 7 cutoff. | 
H: Line switching transistor in Figure 7 saturated. 
X: ‘Don’t care’ . : 





Recommended Operating 7 
Conditions Figure 7. Typical Driving Circuit for 5082-7304 


sn [to wax oe 


LEO supply voltege | Vee [45] 5.0 | 55 | v | 


NOTE: 


LED t tb t lly limited. Refer to Figure 7 
current mus e externally limite er igu Operating temnerature cease +85 °C 
for recommended resistor values. a 







Absolute Maximum Ratings 


[DESCRIPTION __| SYMBOL [MIN [MAX. | UNIT" 





Electrical/Optical Characteristics 
5082-7358 (Tc =-20°C to +85°C, Unless Otherwise Specified) 
DESCRIPTION 


Forward Voltage per LED Ve 
Power dissipation Pr 
all diodes lit 


Luminous Intensity per LED (digit average) 2 Shy lp =6mA 


Peak wavelength ‘ 
Dominant Wavelength . 
a 
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HEX ADECIMAL AND 


HEWLETT 
PACKARD 


G 


Features 
CERAMIC/GLASS PACKAGE 
¢ ADDED RELIABILITY 


e NUMERIC 5082-7356/-7357 
0-9, Test State, Minus Sign, Blank States, 
Decimal Point 
7356 Right Hand D.P., 7357 Left Hand D.P. 


e HEXADECIMAL 5082-7359 
0-9, A-F, Base 16 Operation, Blanking Control, 
Conserves Power, No Decimal Point 


e TTL COMPATIBLE 


e INCLUDES DECODER/DRIVER WITH MEMORY 
8421 Positive Logic Input 


e 4x 7 DOT MATRIX ARRAY 
Shaped Character, Excellent Readability 


e STANDARD DUAL-IN-LINE PACKAGE 
15.2 mm x 10.2 mm (0.6 inch x 0.4 inch) 


CATEGORIZED FOR LUMINOUS INTENSITY 
Description 


The HP 5082-735X series solid state numeric and hexa- 
decimal displays with on-board decoder/driver and memory 
provide 7.4 mm (0.29 inch) displays for use in adverse 
industrial environments. 


The 5082-7356 numeric display decodes positive 8421 
BCD logic inputs into characters 0-9 “—” sign, a test 


pattern, and four blanks in the invalid BCD states. The 
unit employs a right-hand decimal point. 


Package Dimensions 
_ 


= 7356 


10.2 MAX. 
= (.400) a 
wa = 










LUMINOUS 
INTENSITY Re 
CATEGORY SEATING 


PLANE 
DATE CODE. 





6082 - 7356 
6082-735] 
5082-7358 
5082-7359 


NUMERIC DISPLAYS 
FOR INDUSTRIAL 
APPLICATIONS 








The 5082-7357 is the same as the 5082-7356, except that 


the decimal point is located on the left-hand side of the. 


digit. 

The 5082-7359 hexadecimal display decodes positive 8421 
logic inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
(all LED’s off), without losing the contents of the memory. 
Applications include terminals and computer systems using 
the base-16 character set. 


The 5082-7358 is a (+1) overrange display including a 
right-hand decimal point. 


Applications 


Typical applications include control systems, instrumenta- 
tion, communication systems, and transportation equip- 
ment. 


.400) 


oe 
( 
= 


5082-7356 
AND 7357 
NUMERIC 


5082-7359 
HEXA- 
DECIMAL 


Blanking 
control 
Latch 

’ enable 








Decimal 
point 


enable 


Vi Cc Vec 

















END VIEW 
3.8 15 
seating _|{-15) (.06) Ee oat a, 
PLANE 3.4 1. Dimensions in millimeters and (inches). 
(.135) 2. Unless otherwise specified, the tolerance 
= on all dimensions is + 0.38mm (+0.015 in.) 
3. Digit center line is + 0.25mm (+0.01 in.) 
from package center line. 
1.3 TYP. <— 9. 5 +0.08 TYP. 
{.050) (.020 +.003) 
al les 2.5 +.13 TYP. 
(.10 +.005) 
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Absolute Maximum Ratings _ 
ee : Description: - oe 
Storage temperature, ambient 1s 
Operating temperature, ambient?) _ 
Supply voltage | 
- Voltage applied to input logic, dp and enable pins 


Voltage applied to blanking input 


Maximum solder temperature at 1.59mm (.062 inch) 
below seating plane; t< 5 seconds 


Recommended Operating Conditions 
Description . a aa. | es 
Supply Voltage — | 
Operating temperature, ambient 
Enable Pulse Width 
Time data must be held before positive transition 
of enable line : aie 


Time data must be held after positive transition 
of enable line | | 




























oo. | | 

























| Description | Test Conditions 
) 
Luminous intensity per LED Vec=5.0V, Ta=25°C 40 
Logic high-level input voltage ) Vin | | 
Blanking low-voltage; display 
not blanked” 
Blanking low-level input current” Vcc=5.5V, Var=0.8V 


Supply Current ae Voc = 5.5 V (characters Fecal mA 
Power dissipation _[| Pr |“Svor“B’ displayed) [| | 560 | 935 | mw 
Logic low-level input voltage ae Ee eal 
Enable low-voltage; data being 
entered | , 
Enable high-voltage; data not V | 
being entered inc 
Blanking high-voltage; display Vv 
blanked 
Blanking high-level input current” | tea | Vcc=5.5V, Ven=4.5V 
Logic low-level input current In| Vec=5.5V, Vir=0.4V 


Vin 
. Vin 
a VEL 
Va 
BH 
lot aes 
In a 
Logic high-level input current , Vec=5.5V, Vin=2.4V | | 
Enable low-level input current lex Vcc=5.5V, Ver=0.4V at 
Enable high-level input current ae 
Peak wavelength Ta=25°C hee a 
Dominant Wavelength Ta=28°C ad 
[_Weight ee 
Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: @;4=50° C/W; 
Oic=15°C/W; 2. Oca Of amounted display should not exceed 35°C/W for operation up to Ta=+100°C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, T,=25°C. 5. These displays are categorized for luminous intensity with the in- 
| tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, lv(T4), may be calculated from this relationship: }y(T)=Ivi2s° c) (.985) [Ta- 25°C] 
7. Applies only to 7359. 8. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wave- 
length which defines the color of the device. ; 
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tsetup 


DATA INPUT 
(LOW LEVEL DATA) 











DATA INPUT 


(HIGH LEVEL DATA) 1.5V 


ENABLE 
INPUT 


Figure 1. Timing Diagram of 5082-735X 




































TRUTH TABLE 


5082-7356/7357 


se] 
oO 
1] 
Oo 
> 
= 
= 


5082-7359 


fos) 













Series Logic. 
(BLANK) 
Pin. 
No. (BLANK) 
ENABLE 5 
(BLANK) 
LOGIC g—> x1 
Sr (BLANK) 
INPUT =o x4 LATCH MATRIX 
— "1X8 MEMORY DECODER sauce 8 ON pp =k 
pp!2]_ 4—»Ipp AEE a 7 
ni LOAD DATA Ve =L 
ENABLE LATCH DATA Ve =H 
a (31 DISPLAY-ON =L 
BLANKING 
BLANKING!2! aera LED DISPLAY-OFF =H 
CONTROL a DRIVER MATRIX 
GROUND 6—+_ Notes: 


Figure 2. Block Diagram of 5082-735X 
Series Logic. 














Ig — BLANKING CURRENT — mA 
Ig — BLANKING INPUT CURRENT — uA 











Vg — BLANKING VOLTAGE — V 


Figure 3. Typical Blanking Control 
Current vs. Voltage for 5082- 
7359. 





1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. input have no effect upon 
display memory, displayed character, or D.P. 

2. The decimal point input, DP, pertains only to the 5082-7356 and 
5082-7357 displays. 

3. The blanking control input, B, pertains only to the 5082-7359 
hexadecimal display. Blanking input has no effect upon display 


memory. 


Ip — LATCH ENABLE CURRENT — mA 


ioe 
iw 
| 





fed 
deal 
) ae 
ae 
(ee 
= 
il cael 
sls 
2 


-55 -40 -20 0 20 40 60 80 00 


T, — AMBIENT TEMPERATURE — °C Ve - LATCH ENABLE VOLTAGE — V 


Figure 4. Typical Blanking Control 
Input Current vs. Ambient 
Temperature for 5082-7359. 


Figure 5. Typical Latch Enable Input 
Current vs. Voltage. 
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ly — LOGIC CURRENT — mA 
le, — ENABLE LOW INPUT CURRENT 
I, — LOGIC LOW INPUT CURRENT — mA 





Vin ~ LOGIC VOLTAGE — V 


Figure 6. Typical Logic and Decimal 
Point Input Current vs. 


Operational Considerations 


| ELECTRICAL 


The 5082-735X series devices use a modified 4 x 7 dot 


‘| matrix of light emitting diodes (LED’s) to display 


decimal/hexadecimal numeric information. The LED’s are 
driven by constant current drivers. BCD information is 
accepted by the display memory when the enable line is at 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous information, 
the enable pulse rise time should not exceed 200 
nanoseconds. Using the enable pulse width and data 
setup and hold times listed in the Recommended 


Operating Conditions allows data to be clocked into an 


array of displays at a 6.7MHz rate. . 
The blanking control input on the 5082-7395 display 


blanks (turns off) the displayed hexadecimal information 


without disturbing the contents of display memory. The 
display is blanked at a minimum threshold level of 3.5 
volts. This may be easily achieved by using an open 
collector TTL gate and a pull-up resistor. For example, 
(1/6) 7416 hexinverter buffer/driver and a120o0hm pull-up 
resistor will provide sufficient drive to blank eight 
displays. The size of the blanking pull-up resistor may be 
calculated from the following formula, where N is the 
number of digits: , | 


Rotank = (Vcc = 3.5V)/[N (1.0mA)] 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as is 
the BCD data. The decimal point LED is driven by the on- 
board IC. 7 | 


The ESD susceptibility of these IC devices is Class A of © 


MIL-STD-883 or Class 2 of DOD-STD-1686 and DOD- 
HDBK-263. - oar : 





T, — AMBIENT TEMPERATURE — °C 


Figure 7. Typical Logic and Enable 
Low Input Current vs. 
Voltage. Ambient Temperature. 





se ae Se ee 
eee so eh Alte 
cc 2 20 nd Veg = 5.0V 2 ae ee 
S# et | |va-zv] | | 
a a ae 
=D Eee Le a a 
“5 Os ene 
=e a 
ae ee a le ee 
5 a a” 
gi gla 7 
a ie on ee ee 
ppt ae ae ei 


~55 -40 -20 0 20 40 60 80 = 100 
T, — AMBIENT TEMPERATURE — °C 


Figure 8. Typical Logic and Enable 
High Input Current vs. 
Ambient Temperature. 


MECHANICAL 


These displays are designed for use in adverse industrial 
environments. 


These displays may be mounted by soldering directly toa 
printed circuit board or inserted into a socket. The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100°C, it is important to 
maintain a case-to-ambient thermal resistance of less 
than 35° C/watt as measured on top of display pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 


CONTRAST ENHANCEMENT 


The 5082-735X displays have been designed to provide the 
maximum posible ON/OFF contrast when placed behind 
an appropriate contrast enhancement filter. Some 


_ suggested filters are Panelgraphic Ruby Red 60 and Dark 


Red 63, SGL Homalite H100-1605, 3M Light Control Film 
and Polaroid HRCP Red Circular Polarizing Filter. For 
further information see Hewlett-Packard Application Note 


964. . es 
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Solid State Over Range Display 


For display applications requiring a+, 1, or decimal point designation, the 5082-7358 over range display is available. This 
display module comes in the same package as the 5082-735X series numeric display and is completely compatible with it. 


Package Dimensions 


10.2 
(400) MAX. —> 









SEATING 
PLANE 


0.3 0.08 TYP. 
(.012 +.003) 











SEATING 
PLANE 3.4 
\ ab (.135) Figure 9. Typical Driving Circuit. 
13 -_ 1 Let __ 0.5 +0.08 TYP. 
(.050) ” Z (.020 +.003) TRUTH TABLE 
2.5 +.13 TYP. 





Gee CHARACTER 
END 


















NOTES: a wren 

1. DIMENSIONS IN MILLIMETERS AND (INCHES). res Sr 

2. UNLESS OTHERWISE SPECIFIED, THE TOLERANCE 

ON ALL DIMENSIONS IS +0.38 MM (+0.015 INCHES). Zs a et Decimal Point 
Ps [Open 
NOTES: L: Line switching transistor in Figure 9 cutoff. 
inus/Plus * : . . a . 

ite aN H: Line switching transistor in Figure 9 saturated. 


X: ‘Don’t care’ 


Electrical/Optical Characteristics 
5082-7358 (T, =-55°C to +85°C, Unless Otherwise Specified) 
[rons venupre ted vgtpwt0ma 


re | 
Power dissipation Pr lp = 10mA 
all diodes lit 320 mw 
Ad 











Luminous Intensity per LED (digit average) 






Dominant Wavelength 


Weight 


Peak wavelength 


Recommended Operating | 
Conditions Absolute Maximum Ratings 


[DESCRIPTION __[ SYMBOL [ MIN, [MAX.| UNIT] 
[Forward current, each LED | Ip 







LED supply voltage 





Forward current, each LED 
NOTE: 

LED current must be externally limited. Refer to Figure 9 
for recommended resistor values. 
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| HEXADECIMAL AND NUMERIC 
DISPLAYS FOR INDUSTRIAL APPLICATIONS 


Kin HEWLETT |. fi eee "HIGH EFFICIENCY RED 


: es ne Low Power eee ee 
PACKARD High Brightness HDSP-0770/0771/0772/0763 
YELLOW HDSP-0860/0861/0862/0863 

GREEN HDSP-0960/0961/0962/0963 





Features 

e THREE COLORS 
High-Efficiency Red 
Yellow | 
High Performance Green 


e THREE CHARACTER OPTIONS 
Numeric 
Hexadecimal 
Over Range 


e TWO HIGH-EFFICIENCY RED OPTIONS 
Low Power 
High Brightness 


e PERFORMANCE GUARANTEED OVER 
TEMPERATURE 


e MEMORY LATCH/DECODER/DRIVER a, 
TTL Compatible Description 


e 4x7 DOT MATRIX CHARACTER oy 4, ; ; 
These solid state display devices are designed and tested 
e CATEGORIZED FOR LUMINOUS INTENSITY. for use.in adverse industrial environments. The character 


height is 7.4mm (0.29 inch). The numeric and hexadecimal! 
@ \ 
YELLOW AND GREEN CATEGORIZED devices incorporate an on-board IC that contains the data 





FOR COLOR memory, decoder and display driver functions. 
ical Anni i ee | The numeric devices decode positive BCD logic into 
Typical Applications . characters “0-9”, a “—” sign, decimal point, and a test 
e INDUSTRIAL EQUIPMENT pattern. The hexadecimal devices decode positive BCD 
logic into 16 characters, “0-9, A-F”. An inputis provided on 
bd MP 
om een ene the hexadecimal devices to blank the display (all LED’s 
¢ INSTRUMENTATION off) without losing the contents of the memory. 7 
e TELECOMMUNICATION EQUIPMENT | - The over range device displays “+1” and right hand 
decimal point and is typically driven via external switching 
Devices “3 ae transistors. 4 


Part Number Front 
HDSP- Seiok. - Description View 


Numeric, Right Hand DP 
High- Efficiency Red Numeric, Left Hand DP 
‘Low Power Hexadecimal | 
| Over Range +1 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Hexadecimal . 

Over Range +1 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Hexadecimal - 

Over Range +1 © 


~ Numeric, Right Hand DP 
- Numeric, Left Hand DP 
Hexadecimal 
Over Range +1 


High-Efficiency Red 
High Brightness 


Yellow 





F B - 
C 
= 
A 
B 
C. 
D 

( AS 
B 
C 
D- 

A 
B : 
C 

oe. 3 
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Package Dimensions 


























































10.2 MAX 10.2 MAX. 
= (0.400) = A is (0.400) FUNCTION 
eee ae oe = T_] HEXA- 
PIN NUMERIC DECIMAL 
: 1 saillt> “Input 2 Input 2 
2 input 4 input 4 
3 ie Input 8 vd gilts Input 8 
4 Decimal Blanking 
point control 
5 Latch Latch 
een a enable | enable 
6 | Ground | Ground 
Voc. eS Vec 
Input 1 Input 1 


END VIEW NOTES: 
1. Dimensions in millimetres and (inches). 
2. Digit center line is +0.38 mm (+0.015 inch) 


3.8 1.5 from package center line. 
co a SEATING (.15) (.06) 3. Unless otherwise specified, the tolerance on 
CODE Paks PLANE 3.4 all dimensions is +0.38 mm (+0.015 inch). 


LUMINOUS 15.2 SEATING (.135) 4. HDSP-0860 and HDSP-0960 series. 


INTENSITY (.600) PLANE \ ! a ae 
CATEGORY 
DATE CODE 0.3 +0.08 TYP. 

t | 


(0.012+0.003) 43 Typ, 0.5 £0.08 TYP. 
PIN 1 KEY + (.050) (0.020 +0.003) 


She 2.8 Le i oe 2.5 +0.13 TYP. 
4 3 2 1 (11) an (0.10 +0.005) 
( 


.17) 


10.2 
(.400) 
! 





4 


ig) 
< 
a. 
(72) 
7) 
iw 
— 
hs 
” 
a 
pa Nr 
co) 
7p) 









DATA INPUT 
(LOW LEVEL DATA) 


TRUTH TABLE 


HEXA- 


NUMERIC DECIMAL 


EB 
> 
= 
nN 
Gi 


ie 
aie 


DATA INPUT 
(HIGH LEVEL DATA) 





ENABLE 
INPUT 





r 
rc 





rc 
Lo 











Figure 1. Timing Diagram 














rc 
rc 
aL 





c 
ra 
rm 

ihe 





Vcc | 
ENABLE a 





H H (BLANK) 
























- 
pn 

Fe a 

[= aL 

















Le 
H L L (BLANK) : 
1 
3 x8 LATCH MATRIX 
ON aL 
pp(2) 4 DECIMAL PT.[2) |__ 
OFF 
1] LOAD DATA 
ENSEES LATCH DATA 
(3] DISPLAY-ON Va FL 
BLANKING 
DISPLAY-OFF Va =H 
(3) Notes: 
ge 4 ee LED 1. H = Logic High; L = Logic Low. With the enable input at logic high . 
MATRIX changes in BCD input logic levels have no effect upon display 






aEIyeEn memory, displayed character, or DP. 


_ 2. The decimal point input, DP, pertains only to the numeric displays. 
3. The blanking control input, B, pertains only to the hexadecimal 
displays. Blanking input has no effect upon display memory. 


GROUND a 


Figure 2. Logic Block Diagram 
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Absolute Maximum Ratings 

| escription | Symbol | Min. 
Supply voltage 2! | | a ee ee ee ee 
Voltage applied to input logic, dp and enable pins 

Voltage applied to blanking input 2! _ Vec 
















Maximum solder temperature at 1.59mm (.062 inch) | 260 
below seating plane; t < 5 seconds 











-— Deseription — 
Supply Voltage !2! 45 
Enable Pulse Width fw [io [| [nsec 
Time data must be held before positive transition t a 50 
of enable line = 2 SEE 
Time data must be held after positive transition ot 50 
of enable line Bocca 


Enable pulse rise time | tne | | 





Optical Characteristics at Ta = 25°C, Vcc = 5.0V 
| Device | Description 


Luminous Intensity per LED 
(Digit Average)|5.4] 


HDSP-0760 
Series Peak Wavelength 
Dominant Wavelength/5! 


Luminous Intensity per LED 
(Digit Average)!3.4! 


HDSP-0770 - 
Series Peak Wavelength 
| Dominant Wavelength!°! 


Luminous Intensity per LED 
(Digit Average)!3.4! 


HDSP-0860 . 
Series Peak Wavelength | 
| Dominant Wavelength|56! hd 


L - Luminous Intensity per LED ly 
= (Digit Average)|3.41 V 
HDSP-0960 
Series Peak Wavelength 
~ | Dominant Wavelength!®.6! _ 


Notes: é 7 

1. The nominal thermal resistance of a display mounted in a socket that is soldered onto a printed circuit board is R@ya = 50° C/W/device. 
The device package thermal resistance is R@y-pin = 15°C/W/device. The thermal resistance device pin-to-ambient through the PC 
board should not exceed 35° C/W/device for operation at T, = +85°C. 

2. Voltage values are with respect to device ground, pin 6. nt es 

3. These displays are categorized for luminous intensity with the intensity category designated by a letter code located on the back of the 
display package. Case temperature of the device immediately prior to the light measurement is equal to 25°C. 
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Electrical Characteristics; Ta = -55°C to +85°C 









-HDSP-0760 Series 
HDSP-0770 Series 
HDSP-0860 Series 

HDSP-0960 Series 


HDSP-0760 Series 
HDSP-0770 Series 
HDSP-0860 Series 
HDSP-0960 Series 


Logic, Enable and Blanking 
Low-Level Input Voltage 


Supply 
Current 















Power 
Dissipation 














Logic, Enable and Blanking 
High-Level Input Voltage 


Logic and Enable 
Low-Level Input Current 


Blanking Low-Level Input Current 


Logic, Enable and Blanking 
High-Level Input Current 


Weight 
Leak Rate’ 


Notes: 


Description | Symbol | Test Conditions 


Vcc = 5.5V 
(characters “5.” or 
“B” displayed) 





Vit = 0.4V 


Voc = 5.5V 
Vin = 2.4V 


| Min, | 
-_ 
eal 
| me 
" | Vcc = 4.5V 

[esi 
BL aa 
co 
ee 








tye. | Mex. [ unit 


mA 












p40 | | om | 


4. Theluminous intensity at a specific operating ambient temperature, lv (Ta) may be approximated from the following expotential equation: 


lv (Ta = Iv (25°C) elk (Ta - 25°C)|, 











the device. 


6. The HDSP-0860 and HDSP-0960 series devices are categorized as to dominant wavelength with the category designated by anumber 


on the back side of the display package. 
7. All typical values at Vcc = 5.0V and Ta = 25°C. 


Operational Considerations 
ELECTRICAL 


These devices use a modified 4 x 7 dot matrix of light 
emitting diode to display decimal/hexadecimal numeric 
information. The high efficiency red and yellow LED’s are 
GaAsP epitaxial layer ona GaP transparent substrate. The 
green LED’s are GaP epitaxial layer on a GaP transparent 
substrate. The LED’s are driven by constant current 
drivers, BCD information is accepted by the display 
memory when the enable line is at logic low and the data is 
latched when the enable is at logic high. Using the enable 
pulse width and data setup and hold times listed in the 
Recommended Operating Conditions allows data to be 
clocked into an array of displays at a 6.7 MHz rate. 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


The blanking control input on the hexadecimal displays 
blanks (turns off) the displayed information without 
disturbing the contents of display memory. The display is 


HDSP-0760 Series 
HDSP-0770 Series 


HDSP-0860 Series -0.0112/°C 
HDSP-0960 Series -0.0104/°C 


5. The dominant wavelength, Ad, is derived from the CIE Chromaticity Diagram and is that single wavelength which defines the color of 


-0.0131/°C 


blanked at a minimum threshold level of 2.0 volts. When 
blanked, the display standby power is nominally 250 mW 
at Ta = 25°C. 


MECHANICAL 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +85°C, it is important to 


maintain a cast-to-ambient thermal resistance of less_ 


than 35°C watt/device as measured on top of display 
pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixutres formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 
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_ CONTRAST ENHANCEMENT .— 


' These display devices are. designed to’ provide -an appropriate contrast enhancement filter. The following 
* optimum ON/OFF contrast’ when placed behind an ___ filters are suggested: . 


Display Ambient Lighting 


HDSP-0860 Series | Panelgraphic Yellow 27 | Polaroid HNCP 37. Polaroid Gray HNCP10 | 
Yellow | Chequers Amber 107 3M Light Control Film _ HOYA Yellowish-Orange 
a a | ? ' ... HLF-608-3Y 
Panelgraphic Gray 10 ' . Marks Gray > 
| —— ~ MCP-0301-8-10 | 
HDSP-0760 Series Panelgraphic Ruby Red 60 | Chequers Grey 105 Polaroid Gray HNCP10 
HDSP-0770 Series Chequers Red 112 : | HOYA Reddish-Orange . 
High Efficiency Red " HLF-608-5R_ 
7 | _ = 7 Marks Gray 
MCP-0301-8-10 
Marks Reddish-Orange 
MCP-0201-2-22 
HDSP-0960 Series Panelgraphic Green 48 Polaroid Gray HNCP10 
HP Green - Chequers Green 107 HOYA Yellow-Green 
- HLF-608-1G_ 
Marks Yellow-Green 
-MCP-0101-5-12 





Over Range Display — Absolute Maximum Ratings - 
[Description | Symbol[ Min. | Max. | Unit 
jee 
Operating Temperature ft. | -65 | +85 | eo | 
a 









- The over range devices display “1” and decimal point. 
_ The character height and package configuration are the 
~ same as the numeric and hexadecimal devices. Character 
selection is obtained via external switching transistors 
and current limiting resistors. | | . 






Each LED 


Reverse Voltage, — SVR 


Each LED 


Forward Current, | 





Package Dimensions 


pa | Plus 
| 
3__| Numeral One_| 



















| Open 
| Open | 
| 8 





Minus/Plus 
FRONT VIEW 


Note: 
1. Dimensions in millimetres and (inches). 





Figure 3. Typical Driving Circuit 





Notes: _ ry | 

0: Line switching transistor in Figure 7 cutoff. 

1: Line switching transistor in Figure 7 saturated. 
X: ‘don’t care’ 
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Recommended — Luminous Intensity Per LED 
Operating Conditions Vcc = 5.0V (Digit Average)!34| at Ta = 25°C 


Forward Resistor Value | ___Device_| Test Conditions | Min. | Typ. | Units 
Current Per p= 28mA 
LED, mA ES |iessmas i 620 
HDSP-0863 215 
HDSP-0763 High HDSP-0963 


Brightness 
HDSP-0863 















| Device | __ Description | _Symbol_| 
HDSP-0763 Power Dissipation 
(all LED’s Hluminated ) PT 
Forward Voltage 
per LED uP : 
HDSP-0863 Power Dissipation 
(all LED’s Illuminated) ad aia 
IF =8mMA 
Forward Voltage V 
per LED . 
HDSP-0963 Power Dissipation p 
(all LED's Illuminated) t 
lIF=8mA 
Forward Voltage Vv 
per LED : 





n 
< 
a 
2) 
a 
re 
< 
7.) 
2 
a 
oO 
7) 





4-153 





(8 eackanc 





Features 


e ON-BOARD LOW POWER, EASY TO INTERFACE 
CMOS IC INCLUDES DECODER, DRIVER AND 
4-BIT MEMORY 


e DISPLAYS 4 X 7 DOT MATRIX HEXADECIMAL 
CHARACTERS DIRECTLY FROM 4 BIT DATA 


e OPERATES FROM 5 VOLT SUPPLY 
e CONSTANT CURRENT DRIVERS 


e STANDARD 14 PIN DUAL-IN-LINE PACKAGE 
INCLUDING CONTRAST ENHANCEMENT 
FILTER 


e CATEGORIZED FOR LUMINOUS INTENSITY 
e WIDE VIEWING ANGLE 

e STURDY ROUND LEADS 

e SUITABLE FOR AUTOMATIC INSERTION 


Description 


The HTIL-311A is a single character red 4X7 dot matrix 
display with an on-board CMOS IC to accept, store and 
display 4-bit binary data. This display decodes positive 4-bit 
binary data into 16 states, 0-9 and A-F. The character 
height is 6.86mm (0.27 inch). The LEDs and IC are attached 
to a substrate which is enclosed by a plastic cap and 
backfill, creating an air gap environment for the LEDs and 


Package Dimensions 
| PIN 1 ID 


2.16 (.085) MAX 












—_ 
~ 
ro) 
ro) 
SJ 
£ 


SEE NOTE C 


2.54 + 0.41 
(.100 + .076) 


3.81(.150) 


14 


PIN 7 


Tae 0.46 + 0.05 


(.018 + .002) 


NOTES: FRONT 
A. DIMENSIONS IN MILLIMETERS (INCHES). 
B. ALL UNTOLERANCED DIMENSIONS ARE FOR 
REFERENCE ONLY. 
C. YY-YEAR, WW-WORK WEEK, Z INTENSITY CATEGORY 
NUMBER. 





ae (.150) PIN 11D 
CENTER PIN 1 (TOP END) 


leg ron 
SIDE MAX 
—> 4.32 (.170) 


RED HEXADECIMAL 


HTIL-311A 


6.86mmM (0.27iN) 





IC. The encapsulated dual-in-line package construction pro- 
vides a rugged, environmentally sealed unit. The display 
may be stacked in either the X or Y direction to create either 
single or multiline systems. The bullet ended round pins are 
easy to insert in either PC boards or sockets. 


Applications 

© INSTRUMENTATION 
COMPUTERS AND PERIPHERALS 

e STATUS INDICATORS 

e TELECOMMUNICATIONS 


oo 


3.78 (.149) 

re ae 3.43 (.135) 

0.51 ; 4.57 ae 180) 
SEATING 


(.020) 19.30 





ANE 
| (760) Pt 
; MAX 1.91 (.075) 
ST MAX 
I 7.62 + 0.41 
(.300 + .016) 


3.81 (.150) 








BOTTOM END 


| pin | Function 


OPEN 
DATA INPUT (D3) 
DATA INPUT (Dg) 
LEFT DP CATHODE 
LATCH STROBE INPUT 
GROUND (GND) 
BLANKING INPUT 


PIN 8 













OONOOAWN = 









RIGHT DP CATHODE 
DATA INPUT (D3) 
DATA INPUT (D9) 
DISPLAY SUPPLY (Vpp) 







ESD WARNING: STANDARD CMOS HANDLING PRECAUTIONS SHOULD BE OBSERVED WITH THE HTIL-311A. 
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Absolute Maximum Ratings 


Description 
Storage Temperature, Ambient 


Operating Case Temperaturel’! 
IC Supply Voltage to Ground 


Input Voltage, any Pin to Ground 


Maximum Solder Temperature at 1.59 mm (0.063 in) below seating 
plane; t< 5 sec. 


ESD Protection @ 1.5 KQ, 160 pF (each pin) 








Latch Pulse Width 

Data Setup Time to Rising Edge of Latch Pulse 
Data Hold Time After Rising Edge of Latch Pulse 
Latch Pulse Rise Time 





Electrical/Optical Characteristics 
Over Operating Temperature Range 


(Unless Otherwise Specified) 


w” 
s 
a 
2) 
a 
ha 
< 
nm 
a 
a 
ro} 
7) 





Typ.(2] 
25°C Max. 


Test Condition 


Vpp = BLK = 5.5 V; 
Ipp Current (Blank) | | DD(BLK) 3.0 5.0 mA le(ppy =O mA 
All other inputs =0 V 
Vpop = 5.5 V; 
lbp 14 Dots Indo) 74 gol9] mA |} lewopy = 5 mA 
All other inputs =0 V 


4 
on 


Decimal Point Forward Voltagels! VF(DP) 
Input Voltage High 
Input Voltage Low 
Input Current 


Luminous Intensity Average per 
Character LEDI4.5.6,7] 


Luminous Intensity Each Decimal 
Point!4] 


Peak Wavelengthl/4] 


[le(op) =5 MA 
Vop =45-55V 
Vop =45-55V 
10 VIN =0V-Vpp 


100 _. pcd Vpp = 5.0 V 


35 100 cd lE(DP) =5.0 mA 
655 


2 


oO 





o 
©0 
< 


> 


— 


-10 


< 
oa 











ul< — I= 


nm 
Thermal Resistance bc cow fd 





Notes: 
1. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced air cooling may be 
required to maintain this temperature. Maximum IC junction temperature should not exceed 125°C. 


2. Typicals measured at Vpp = 5.0 V. 

3. Ve(pp) is not tested. See Figure 3 for forward voltage versus forward current. 

4. Measured at 25°C case temperature. 

5. This parameter is measured with “A’ displayed, then again with “E” displayed. 

6. These displays are categorized for luminous intensity with the intensity category designated by a letter located on the side of the 
display. 

7. See Figure 4 for relative luminous intensity versus ambient temperature. See Figure 5 for relative luminous intensity versus logic 


supply voltage. 

8. The dominant wavelength, Ap, is derived from the CIE chromaticity diagram and represents the single wavelength which defines 
the color of the device. 

9. Measured at 5 seconds. 
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LEFT DP RIGHT DP 
CATHODE; CATHODE 
(PIN 4) (PIN 10) 

BLANKING 

INPUT (PIN 8) CURRENT 

ae DRIVERS = gn 

ne = 
STROBE INPUT 


(PIN 5) 





DATA INPUT 

(PIN 3) 

DATA INPUT 

(PIN 2) 

DATA INPUT 

(PIN 13) 

DATA INPUT 

(PIN 12) 

Vop TO Vppb 

(PIN 14) — 


GND 
(PIN 7) | 


Figure 1. HTIL-311A Internal Block Diagram 


ts tH 
DATA 
INPUTS 
tL 
LATCH 
STROBE 
INPUT 
— tr 


Figure 2. Timing Diagram 



































Ir(op) - FORWARD CURRENT - mA 
5 




















°° 1.7 $1.2 13 14 15 16 171819 2 


Ve(pp) - FORWARD VOLTAGE - V 


Figure 3. Forward Current vs. Forward Voltage 






































RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1 AT 5.0V) 





























5.0 


Vpp — LOGIC SUPPLY VOLTAGE - V 


Figure 4. Relative Luminous Intensity vs. Logic Supply 
Voitage 





























RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1 AT 25°C) 




















4 
0 10 20 30 40 50 60.70 80 90 100 


Tc - CASE TEMPERATURE - (°C) 


Figure 5. Relative Luminous Intensity vs. Case Temperature 
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Pin Function 


LATCH STROBE INPUT (pin 5) 

L: Data inputs are transferred to the decoder and displayed. 
H: Data at Do-Dg is stored. Stored character is displayed 
regardless of the input data changes. Data stored in the 
latch is not affected by the blanking input. 


BLANKING INPUT (BLK, pin 8) 

L: Character is displayed. 

H: Display is blanked, except for the decimal points. The 
display will be blanked regardless of the state of the other 
inputs. The blanking input may be used to dim the display 
by pulse width modulation of this input. 


DATA INPUTS (Do-D3, pins 3, 2, 13, 12) 
Four bit hexadecimal data is entered into the latch via the 
data inputs. 


DECIMAL POINT CATHODES (pins 4, 10) 


The anodes of the left and right decimal points are con- 
nected to Vpp. To illuminate the decimal point, the decimal 
point cathode must be connected to ground with a resistor 
or other current limiting device. 


OPEN PIN (pin 1) 


DISPLAY SUPPLY (Vpp. pin 14) 
This input supplies power to the LEDs and the IC. 


GROUND (GND, pin 7) 
This is the display ground. 


INSERTION INTO A SOCKET 

During insertion into a socket, care must be taken to apply 
pressure only along the edges of the display window. Pres- 
sure applied at the center of the window may cause it to 
deform sufficiently to damage LED and IC wire bonds. 


TRUTH TABLE 


x. 
. 








Data Input 
D2 Di DO 


Lat 
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w 


L=Vi;H=Vini0OV<X<Vpp 


Notes: 


1. The character stored in the Latch will be displayed. The 


contents of the Latch will remain unchanged. 


2. The display will be blanked, except for the decimal points. 
The Latch will be updated based on the current logic levels 


present at the data inputs. 


3. The display, except for the decimal points, will be blanked. 


The contents of the Latch will remain unchanged. 
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Hermetic Displays 


Military Grade Displays 
Hewlett-Packard families of 
military grade numeric and 
alphanumeric LED displays are 
screened to the requirements of 
MIL-D-87157. MIL-D-87157 is 
the general specification for 
LED display devices and defines 
four screening levels for 
hermetic and nonhermetic 
devices, termed "Quality 
Levels”. 


Quality Level A: Hermetic 
displays with 100% screening 
and Group A, B, and C 
testing. 

Quality Level B: Hermetic 
displays with Group A, B, 
and C testing, but without 
100% screening. 

Quality Level C: Nonhermetic 
displays with 100% screening 
and Group A, B, and C 
testing. 

Quality Level D: Nonhermetic 
displays with Group A, B, 
and C testing, but without 
100% screening. 


The 4N5X series single digit dot 
matrix numeric and hexadeci- 
mal displays are listed on the 
MIL-D-87157 Qualified Parts 
List (QPL) under the number 
series M871570010XAAX. 


Displays with TXV part 
numbers are 100% screened 
with Group A testing. Displays 
with TXVB part numbers are 
100% screened to Quality 

Level A. 


The applicable MIL-D-87157 
screening tables are detailed 
on each display data sheet. 


High Reliability 
Displays 

In addition to Hewlett-Packard 
commercial solid state 
displays, Hewlett-Packard 
offers a complete line of 
hermetic packages for high 
reliability military and 
aerospace applications. These 
packages consist of numeric 
and hexadecimal displays, 

5 x 7 dot matrix alphanumeric 
displays with extended 
temperature ranges, and fully 
intelligent monolithic 16 
segment displays with 
extended temperature ranges 
and on board CMOS ICs. 
Similar to the commercial 
display product selection, the 
high reliability display 
products are offered in a 
variety of character sizes and 
colors: standard red, high 
efficiency red, yellow, and high 
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performance green. Orange 
displays are sometimes available 
upon request. 
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Hewlett-Packard offers three 
different testing programs for the 
high reliability conscious display 
customer. These programs 
include DESC Qualification on 
the MIL-D-87157 for the 
hermetically sealed 4N51-4N54 
hexadecimal and numeric 
displays; and two levels of in- 
house high reliability testing 
programs that conform or a 
modification to MIL-D-87157 
Quality Level A Test Tables for 
all other high reliability display 
products. Please refer to the 
individual data sheets for a 
complete description of each 
display's testing program. 


Integrated numeric and 
hexadecimal displays (with on- 
board ICs) solve the designer's 
decoding/driving problems. They 
are available in plastic packages 
for general purpose usage, 
ceramic/glass packages for 
industrial applications, and 
hermetic packages for high 
reliability applications. This 
family of displays has been 
designed for ease of use in a wide 
range of environments. 


Hermetic Alphanumeric Displays 


| | Page 
P/N Description Application No. 


HDSP-2131 5.0 mm (0.20 in.) 5 x 7 Eight Yellow ¢ Military Equipment 
HDSP-2131 TXV_ | Character Smart Alphanumeric ¢ Military Avionics 
HDSP-2131 TXVB | Display | * Military Ground Support 


Systems 






Device 























































HDSP-2132 Operating Temperature Range: | High ¢ Military Telecommuni- 
HDSP-2132 TXV | -55°C to +85°C Efficiency cations 
HDSP-2132 TXVB Red 





TXV — Hi Rel Screened 












HDSP-2133 TXVB - Hi Rel Screened to High 
HDSP-2133 TXV | Level A MIL-D-87157 Performance 
HDSP-2133 TXVB Green 




















HDSP-2179 
HDSP-2179 TXV 
HDSP-2179 TXVB 


HMDL-2416 
HMDL-2416 TXV 
HMDL-2416 TXVB 





















4.1 mm (0.16 in.) Four 
Character Monolithic 
Smart Alphanumeric Display 





¢ Military Equipment 

¢ High Reliability 
Applications 

* Military Telecommuni- 
cations 









Operating Temperature Range 


-55°C to +100°C 7 


Yellow 


High 
Efficiency 
Red 


TXV — Hi Rel Screened | 


TXVB — Hi Rel Screened to 
Level A MIL-D-87157 









5.0 mm (0.20 in.) 5 x 7 Four 
Character Alphanumeric 
Sunlight Viewable Display 





HCMS-2351 
HCMS-2351 TXV 
HCMS-2351 TXVB 


¢ Military Avionics 

¢ Military Cockpit 

¢ Military Ground Support 
Systems 









HCMS-2352 
HCMS-2352 TXV 
HCMS-2352 TXVB 


CMOS IC 












Operating Temperature Range: 
-55°C to +100°C 



















HCMS-2353 High 
HCMS-2353 TXV_| TXV-Hi Rel Screened Performance 
HCMS-2353 TXVB | Green 





TXVB — Hi Rel Screened to 
Level A Mil-D-87157 





HCMS-2354 
HCMS-2354 TXV 
HCMS-2354 TXVB 


Bold Type — New Product 
*Contact your local Sales Representative for information regarding this product. (See section 9.) 


4-160 


Hermetic Alphanumeric Displays (Continued) 


Page 
P/N Description Application No. 


HCMS-2010 3.7 mm (0.15 in.) 5 x 7 Four Red, Red « Extended temperature 

























































HCMS-2010 TXV | Character Alphanumeric Glass applications requiring 
HCMS-2010 TXVB Contrast high reliability. 
CMOS IC Filter ¢ [/O Terminals 
« Avionics 
HCMS-2011 Operating Temperature Range: 
HCMS-2011 TXV | -55°C to +100°C 
~HCMS-2011 TXVB 













TXV — Hi Rel Screened 











HCMS-2012 






High 
HCMS-2012 TXV | TXVB-Hi Rel Screened to Efficiency 
HCMS-2012 TXVB | Level A MIL-D-87157 Red 















HCMS-2013 
HCMS-2013 TXV 
HCMS-2013 TXVB 


High 
Performance 
Green 


Standard 
Red 


High 
Efficiency 
Red 















HCMS-2310 
HCMS-2310 TXV 
HCMS-2310 TXVB 


5.0 mm (0.20 in.) 5 x 7 Four 
Character Alphanumeric 


¢ Military Equipment 

« Avionics 

¢ High Rel Industrial 
Equipment 






| CMOS IC 





















HCMS-2311 
HCMS-2311 TXV 
| HCMS-2311 TXVB 


12 Pin Ceramic 6.35 mm 
(0.25 in.) DIP with untinted 
glass lens 


















HCMS-2312 
| HCMS-2312 TXV 
HCMS-2312 TXVB 


| Operating Temperature Range: 
-55°C to +100°C 









TXV — Hi Rel Screened 
























HCMS-2313 High 
HCMS-2313 TXV | TXVB — Hi Rel Screened to Performance 
HCMS-2313 TXVB | Level A MIL-D-87157 Green 













HCMS-2314 
HCMS-2314 TXV 
HCMS-2314 TXVB 


High 
Efficiency 
Red 












HDSP-2351 
| HDSP-2351 TXV 
HDSP-2351 TXVB 


4.87 mm (0.19 in.) 5 x 7 Four 
Character Alphanumeric 
Sunlight Viewable Display 


¢ Military Avionics 

¢ Military Cockpit 

¢ Military Ground Support 
Systems 
























HDSP-2352 
HDSP-2352 TXV 
| HDSP-2352 TXVB 


Operating Temperature Range: 
-55°C to +100°C 










HDSP-2353 
HDSP-2353 TXV 
| HDSP-2353 TXVB 


High 
Performance 
Green 


*Contact your local Sales Representative for information regarding this product. (See section 9.) 
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Hermetic Alphanumeric Displays (Continued) 


. Page | 
PN Description | Color — Application No. 


HDSP-2010 |; 3.7mm(0.15in.)5x7Four | Red, Red « Extended temperature 
































| HDSP-2010 TXV | Character Alphanumeric Glass applications requiring 
HDSP-2010 TXVB Contrast - high reliability 
Operating Temperature Range: | Filter ¢ 1/0 Terminals 





| -40°C to +85°C ¢ Avionics 





| TXV—Hi Rel Screened 






For further information see 
Application Note 1016. 













TXVB — Hi Rel Screened to 
Level A MIL-D-87157 
















































HDSP-2310 5.0 mm (0.20 in.) 5 x 7 Four ¢ Military Equipment 








Standard 
HDSP-2310 TXV_ | Character Alphanumeric | Red * Avionics 
HDSP-2310 TXVB ¢ High Rel Industrial 
12 Pin Ceramic 6.35 mm Equipment 







HDSP-2311 
HDSP-2311 TXV 
HDSP-2311 TXVB 


(0.25 in.) DIP with untinted 
glass lens 













Yellow 


High 
Efficiency 
Red 


Operating Temperature Range: 
-55°C to +85°C 






HDSP-2312 
HDSP-2312 TXV 
HDSP-2312 TXVB 






True Hermetic Seal 











HDSP-2313 
HDSP-2313 TXV 
HDSP-2313 TXVB 


TXV — Hi Rel Screened High 
Performance 
Green 











TXVB — Hi Rel Screened to 
Level A MIL-D-87157 > 

































































HDSP-2450 6.9 mm (0.27 in.) 5 x 7 Four ¢ Military Equipment 
HDSP-2450 TXV_ | Character Alphanumeric ¢ High Reliability 
HDSP-2450 TXVB Applications 
| 28 Pin Ceramic 15.24 mm ¢ Avionics 
HDSP-2451 =| (0.6 in.) DIP : Yellow ¢ Ground Support, Cockpit, 
HDSP-2451 TXV | | Shipboard Systems 
HDSP-2451 TXVB | Operating Temperature Range: | | 
1 -55°C to +85°C 
HDSP-2452 High 
HDSP-2452 TXV | True Hermetic Seal Efficiency 
HDSP-2452 TXVB | Red 








| TXV — Hi Rel Screened 















HDSP-2453 High 
HDSP-2453 TXV | TXVB-—Hi Rel Screened to Performance 
HDSP-2453 TXVB | Level A MIL-D-87157 Green 


*Contact your local Sales Representative for information regarding this product. (See section 9.) 
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Hermetic Hexadecimal and Numeric Dot Matrix Displays 


Page 
P/N Description Package Application No. 































4N51 Numeric RHDP 8 Pin Hermetic ¢ Military High Reliability 4-207 
4N51TXV Decoder/Driver/Memory Built-in Applications | 
M87157/00101AAX!"! | TXV—Hi Rel Screened 15.2 mm (0.6 in.) | * Avionics/Space Flight 
(4N51TXVB) DIP with gold Systems 


(A) plated leads ¢ Fire Control Systems 
* Ground Support, 


Shipboard Equipment 























4N52 Numeric LHDP Built-in 


4N52TXV Decoder/Driver/Memory 
M87157/00102AAX"! | TXV—Hi Rel Screened 
(4N52TXVB) 






(B) 
4N54 


















Hexadecimal Built-in 


4N54TXV Decoder/Driver/Memory 
M87157/00104AAX!"! | TXV-Hi Rel Screened 
(4N54TXVB) 






(C) 


y) 
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<x 
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4N53 
4N53TXV 
M87157/103AAXt 
(4N53TXVB) 
(D) 








Character Plus/Minus Sign 





TXV — Hi Rel Screened 





































HDSP-0781 Numeric RHDP, Built-in High Efficiency * Ground, Airborne, 4-215 






(A) Decoder/Driver Memory Red Shipboard Equipment 
HDSP-0781 TXV Hi Rel Screened Low Power * Fire Control Systems 
TXV TXVB Hi Rel Screened * Space Flight Systems 
HDSP-0781 to Level A Mil-D-87157 ¢ Other High Reliability 
TXVB Uses 


















HDSP-0782 
(B) 








Numeric LHDP, Built-in 
Decoder/Driver Memory 


HDSP-0782 TXV Hi Rel Screened 
TXV TXVB Hi Rel Screened 
HDSP-0782 to Level A Mil-D-87157 


TXVB 












HDSP-0783 

















Overrange +1 






(D) TXV Hi Rel Screened 
HDSP-0783 TXVB Hi Rel Screened 
TXV to Level A Mil-D-87157 
7.4 mm (0.29 in.) HDSP-0783 
4 x 7 Single Digit TXVB 
Package 


























8 Pin Glass Ceramic HDSP-0784 Hexadecimal, Built-in 








15.2 mm (0.6 in.) DIP (C) Decoder/Driver Memory 
HDSP-0784 TXV Hi Rel Screened 
Truly Hermetic TXV TXVB Hi Rel Screened 
HDSP-0784 to Level A Mil-D-87157 
TXVB 


"Military Approved and Qualified for High Reliability Applications. 
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Hermetic Hexadecimal and Numeric Dot Matrix Displays contnueey. 


| Page 
Device Description Package Application No. 


HDSP-0791 
(A) 
HDSP-0791 
TXV 
HDSP-0791 
TXVB 





(See previous page) 

















(B) 
HDSP-0792 
TXV 
HDSP-0792 
TXVB 


HDSP-0783 
(D) 
HDSP-0783 
TXV 
HDSP-0783 
TXVB 


HDSP-0794 
(C) 
HDSP-0794 
TXV 
HDSP-0794 
TXVB 


HDSP-0881 
(A) 
HDSP-0881 
TXV 
HDSP-0881 
TXVB 

















(B) 
HDSP-0882 
TXV 
HDSP-0882 
TXVB 


HDSP-0883 
(D) 
HDSP-0883 
TXV 
HDSP-0883 
TXVB 










(C) 
HDSP-0884 
TXV 
HDSP-0884 
TXVB 





HDSP-0792 | Numeric LHDP, Built-in 





Overrange +1 


















HDSP-0882 











HDSP-0884 






Numeric RHDP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 

TXVB Hi Rel Screened 
to Level A Mil-D-87157 


Decoder/Driver Memory 
TXV Hi Rel Screened 

TXVB Hi Rel Screened 
to Level A Mil-D-87157 


TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A Mil-D-87157 


Hexadecimal, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 

TXVB Hi Rel Screened 
to Level A Mil-D-87157 


Numeric RHDP, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 

TXVB Hi Rel Screened 
to Level A Mil-D-87157 


Numeric LHDP, Buit-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A Mil-D-87157 


Overrange +1 

TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A Mil-D-87157 


Hexadecimal, Built-in 
Decoder/Driver Memory 
TXV Hi Rel Screened 
TXVB Hi Rel Screened 
to Level A Mil-D-87157 
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High Efficiency 
Red 7 
High Brightness 








































Yellow 


¢ Ground, Airborne, 
Shipboard Equipment 

¢ Fire Control Systems 

* Space Flight Systems 

¢ Other High Reliability 
Uses 
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Hermetic Hexadecimal and Numeric Dot Matrix Displays (Continued) 


Page 









































HDSP-0981 Numeric RHDP, Built-in High ¢ Ground, Airborne, 4-215 | 
(A) Decoder/Driver Memory Performance Shipboard Equipment 
(See previous page) HDSP-0981 TXV Hi Rel Screened Green ¢ Fire Control Systems 
TXV TXVB Hi Rel Screened ¢ Space Flight Systems 
HDSP-0981 to Level A Mil-D-87157 | * Other High Reliability 


TXVB 


HDSP-0982 
(B) 


Uses 














Numeric LHDP, Built-in 
Decoder/Driver Memory 











HDSP-0982 TXV Hi Rel Screened 
TXV TXVB Hi Rel Screened 
HDSP-0982 to Level A Mil-D-87157 


TXVB 
HDSP-0983 



















Overrange +1 





(C) TXV Hi Rel Screened 
HDSP-0983 TXVB Hi Rel Screened 
TXV to Level A Mil-D-87157 
HDSP-0983 
TXVB 










HDSP-0984 
(D) 








Hexadecimal, Built-in 
Decoder/Driver Memory 


HDSP-0984 TXV Hi Rel Screened 
TXV TXVB Hi Rel Screened 
HDSP-0984 to Level A Mil-D-87157 


TXVB 
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Eight Character 5.0 mm 

(0.2 inch) Hermetic Smart 

5 X 7 Alphanumeric Displays 
For Military Applications | 


Technical Data 


Features 

e Wide Operating Tempera- 
ture Range -55°C to +85°C 

e True Hermetic Package for 
Yellow, Orange and High 
Efficiency Red Displays!!! 

° TXVB Version Conforms to 
MIL-D-87157 Quality Level 
A Test Tables 

e Smart Alphanumeric 
Display 
On-Board CMOS IC 
Built-In RAM 
ASCII Decoder 
LED Drive Circuitry 


e 128 ASCII Character Set 


e 16 User Definable Charac- 
ters 


e Programmable Features 

Individual Flashing 
Character 

Full Display Blinking 

Multi-Level Dimming and 
Blanking 

Self Test 

Clear Function 


°e Read/Write Capability 


Devices 






Yellow 
HDSP-2131 
HDSP-2131TXV 


e¢ Full TTL Compatibility 

¢ HDSP-2131/-2133/-2179 Use- 
able in Night Vision Light- 
ing Applications 

¢ Categorized for Luminous 
Intensity 7 


¢ HDSP-2131/2133 Categor- 
ized for Color 


e Excellent ESD Protection 
e Wave Solderable 


e¢ X-Y Stackable 


Description 


The HDSP-2131 (yellow), 
HDSP-2179 (orange), 
HDSP-2132 (high efficiency red) 
and the HDSP-2133 (green) are 
eight-digit, 5 x 7 dot matrix, 
alphanumeric displays. The 5.0 
mm (0.2 inch) high characters 
are packaged in a standard 7.64 
mm (0.30 inch) 32 pin DIP. The 
on-board CMOS IC has the abil- 
ity to decode 128 ASCII char- 
acters, which are permanently 
stored in ROM. In addition, 16 
programmable symbols may be 


High Efficiency Red High Performance Green 
HDSP-2132 HDSP-2133 


HEWLETT 
PACKARD 


G 


HDSP-2131/2131TXV/ 
2131TXVB 
HDSP-2132/2132TXV/ 
'2132TXVB 
HDSP-2133/2133TXV/ 
2133TXVB 
HDSP-2179/2179TXV/ 
2179TXVB 





stored in an on-board RAM. 
Seven brightness levels provide 
versatility in adjusting the dis- 
play intensity and power con- 
sumption. The HDSP-213X is 
designed for standard micro- 
processor interface techniques. 
The display and special features 
are accessed through a bidirec- 
tional eight-bit data bus. These 
features make the HDSP-213X 
ideally suited for applications 
where an hermetic, low power 
alphanumeric display is 
required. 





Orange 
HDSP-2179 
HDSP-2179TXV 


HDSP-2132TXV HDSP-2133TXV 
HDSP-2132TXVB HDSP-2133TXVB 


Note: 1. The HDSP-2133 high peformance green displays conform to MIL-D-87157 hermeticity requirements. 





| HDSP-2131TXVB HDSP-2179TXVB 
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Package Dimensions 














42.72 
(1.68) 
2.67 TYP. 6.10 REF. 
(0.105) 5.33 TYP. (0.24) 
> 2408 PIN 17 
0.38 TYP. 
(0.015) 
9.91 7.62 
(0.39) (0.300) 
PIN 1 IDENTIFIER pig ne 
4.96 (0.112) (0.190) 
0.195 
PART NUMBER FUNCTION FUNCTION 
DATE CODE 
LIGHT INTENSITY CATEGORY leas eeiat 
COLOR BIN (NOTE 3) ( ) 
3 1.78 TYP. 
(0. = tsa 


6.35.MAX.) & Poo he HDSP XXXX YYWW X Z 


(0.250) 
2.29 TYP. 12.70 0.51 TYP. 
(0.090) (0. no _,| _ 020) 
2.54 TYP. 1.27 TYP. 
(0.100) (0.050) 
NON-ACCUM. 
Note: 


1. All dimensions are in mm (inches). 

2. Unless otherwise specified tolerance is +0.30 mm (+0.015). 
3. For green and yellow devices only. 

4. Leads are copper alloy, solder dipped. 


Absolute Maximum Ratings 


to Ground! 
to Ground) oo. ceeceeeee 


Supply Voltage, V,, 
Operating Voltage, V,,, 
Input Voltage, Any Pin to Ground 
Free Air Operating Temperature Range, T, 
Storage Temperature, T, 
HDSP-213 1/-2132/-2179 
HDSP-2133 
Maximum Solder Temperature 1.59 mm 
(0.063 in.) Below Seating Plane, t < 5 sec 
ESD Protection @ 1.5 kQ, 100 pF 
Notes: 


1. Maximum Voltage is with no LEDs illuminated. 
2. 20 dots ON in all locations at full brightness. 


eevneccccccescs 


CHESS OS HSEH OSHS SESEHELELE HEE SHE SHOES OES OOOO SE 


Perens 5.5 V 
-0.3 to Vp, +0.3 V 


OONOOAWN = 





wo 
> 
< 
candi 
a. 
2 
i— 
3 
3 
co 
eT 
<= 





-0.3 to 7.0 V 


-55°C to +85°C 


-65°C to +125°C 
-55°C to +100°C 


eereesseeccesces 


ESD WARNING: STANDARD CMOS HANDLING PRECAUTIONS SHOULD BE OBSERVED 


WITH THE HDSP-2131, HDSP-2132, HDSP-2133, AND HDSP-2179. 
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Character Set 


+ 
+ 


amonc 


om2-nmMmo 


i. i, Jal 
ea [a] 
i 


MOmumaanrPDBDrPITO)A 
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Recommended Operating Conditions 


Electrical Characteristics Over Operating Temperature Range 


4.5 <Vpp < 5.5 V (unless otherwise specified) 
Symbol Test Conditions 
Vin = 0 to V. 


Input Leakage mee 
(Input without pullup) 

























Units 









+10.0 






pins CLK, D,-D,, 
Input Current 


AA, 
(Input with pullup) 









Go 
an) 


Vin = 0 to V,,; 


pins RST, CLS, WR, 
RD, CE, FL 


a 
= 
<a r=) o 
(SS) 
S 
Oo 
S 
os 
=) 
REEEEELE RS 


” 
o~ 
< 
ond 
a. 
7) 
a 
2. 
P 3 
oc 
Lis 
So 






co 
w 
© 


"V" on in all 8 
locations 


"#" on in all 8 
locations 


Ip 8 digits 
12 dots/character™! 


Ip 8 digits 
20 dots/character'®! 


Input Voltage High 
Input Voltage Low 


Output Voltage High Vow 


Output Voltage Low V 






OL 


Output Voltage Low 

CLK 

Thermal Resistance RO on 
IC Junction-to-PIN 


Notes: 

1. V,, = 5.0 V. 

2. Maximum Ip occurs at -55°C. 

3. Average I, measured at full brightness. See Table 2 in Control Word Section for I,,, at lower brightness levels. Peak 
Ip = 28/15 x Average I, (#). 


jo) 
iN 


\s) 
a 
~~) 
x 
+ 
‘ — Su 
nN wD 


fb 
— 
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Optical Characteristics at 25°C"! 


~Vpp = 5.0 V at Full Brightness 


High Efficiency Red HDSP-2132 






si 


Dominant Wavelength | 626 nm 








Orange HDSP-2179 






Description | Symbol Minimum 
iasirtaaaty omens | | a8 | ts | wa 
a 
[Baer ene Py Pe 


Yellow HDSP-2131 


Description Symbol Minimum 
Luminous Intensity Character Average (#) ee 












Description Symbol Minimum 
Tasty er eae |W fas | 8 | 
Es a 9S. 50 ME O_O 
DoninaneWavelmets || nm 


Note: 
4. Refers to the initial case temperature of the device immediately prior to the light measurement. 
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AC Timing Characteristics Over Temperature Range 
pp = 4:0 to 5.5 V unless otherwise specified. 


<j 


Reference 


Number Symbol Description Units 






tro Display Access Time 
Write 210 
Read 230 n 


trcs Address Setup Time to Chip Enable 


Chip Enable Active Time 3! 


5 
i) 
=) 
mn 


=) 
n wm wm 


Write 140 








Read 160 2 
Address Hold Time to Chip Enable ns a 
Chip Enable Recovery Time | 60 | ns | 2 
tons Chip Enable Active Prior to Rising Edge of"?! oa 
Write 140 
Read 160 ns 
tory Chip Enable Hold Time to Rising Edge of 


Read/Write Signal! 3 


=) 
mn 





10 





Write Active Time 2! 


Data Valid Prior to Rising Edge of Write Signal 


or 


bo 
© 
=) 
wn 


0 


i 





a" 
a) 
[om oo 


Data Write Hold Time 


CO 
) 
77) 





oO 
se 






b— 
bt 


Chip Enable Active Prior to Valid Data 160 


=) 
wn 


Read Active Prior to Valid Data 


jf 


=) 
tA 


RD 


toe | Read Data Float Delay 
tee Reset Active Time"! 
Notes: 


. Worst case values occur at an IC junction temperature of 125°C. 

. For designers who do not need to read from the display, the Read line can be tied to V,,, and the Write and Chip Enable 
lines can be tied together. = 

. Changing the logic levels of the Address lines when CE = "0" may cause erroneous data to be entered into the Character 
RAM, regardless of the logic levels of the WR and RD lines. 

. The display must not be accessed until after 3 clock pulses (110 us min. using the internal refresh clock) after the rising edge 
of the reset line. 


15 
10 


—" 


_ 
bo 
ce let 


i 


Oo Nore 


aN 
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Fa |Gharactr Pash ate [2 «YS 


Symbol 25°C Typical 





Notes: 
5. Fww= F ogc/2%4 

6. F L= F ogc/28,672 

ee tom = 262,144/F Ko 


Write Cycle Timing Diagram 


25, 0,¢ Ce ¢.¢.¢) a 


mW 





© 


9 XXXXXXXKXKXKXA__KXXXXXXXXXXXAKN 


_ INPUT PULSE LEVELS —06V TO 2.4V 
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Read Cycle Timing Diagram 
@) 


Ao-A 
OO 


® @® mom 
: won eon 


SPOCNCCCCCCCOON) SE COOCHINCCCCOHMNN 


INPUT PULSE LEVELS: 0.6 V TO 2.4 V 
OUTPUT REFERENCE LEVELS: 0.6 V TO 2.2 V 
OUTPUT LOADING = 1 TTL LOAD AND 100pF: 


Relative Luminous Intensity vs. 
Character Font Temperature 


(Not to Scale) 


2.85 (0.112) _ 
C4 cs 


| i iy 
Me 
B We: 
Me: 4.83 (0.190) TYP 
@ Me 


B Bere -55 -35 -15 5 25 45 65 85 105 


IC 


b 


_ 


- 


0.76 (0.030) TYP 


- 


RELATIVE LUMINOUS INTENSITY 
(NORMALIZED TO 1 AT 25 °C) 


0.254 (0.010) TYP 





a 


-EREEE Hs 
-ER HEHEHE &: 


| | R7 Ta —AMBIENT TEMPERATURE — °C 


= (0.026) TYP 


| 
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Electrical Description 
Pin Function 


RESET (RST, pin 5) Reset initializes the display. 
FLASH (FL, pin 27) FL low indicates an access to the Flash RAM and is unaffected by the 

, state of address lines A,-A,. : 
ADDRESS INPUTS Each location in memory has a distinct address. Address inputs (A,-A,) 
(A,-A,, pins 28-32) select a specific location in the Character RAM, the Flash RAM ora 


particular row in the UDC (User-Defined Character) RAM. A,-A, are 
used to select which section of memory is accessed. Table 1 shows the 
logic levels needed to access each section of memory. 


Table 1. Logic Levels to Access Memory 


1 0 
1 1 








1 
Control Word Register 
Character RAM Character Address 


CLOCK SELECT This input is used to select either an internal or external clock source. 
(CLS, pin 1) 


CLOCK INPUT/OUTPUT Outputs the master clock (CLS = 1) or inputs a clock (CLS = 0) for slave 
(CLK, pin 2) displays. | 





WRITE (WR, pin 3) Data is written into the display when the WR input is low and the 
CE input is low. 


CHIP ENABLE (CE, pin 4) This input must be at a logic low to read or write data to the display and 
must go high between each read and write cycle. 


READ (RD, pin 6). Data is read from the display when the RD input is low and the CE 
input is low. | 

DATA Bus (D,-D,, The Data bus is used to read from or write to the display. — 

pins 11-14, 19-22) . - 

GND gyppiy (pin 17) This is the analog ground for the LED drivers. 

GND goa (pin 18) This is the digital ground for internal logic. 

Vopeowe (Pin 16) This is the positive power supply input. 
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GLL-P 


RD 


Dy -D7 
Ag-Az2 
A3 
Aa 


ml | 
mil 


RST 


CLK 


CLS 








UDC ADDR 
REGISTER 
































8x 
EN CHARACTER en 
RD RAM 0Do9-Ds 
WR 
| Dy -D7 D, DOT 8 ot f 






Ag-A2 DRIVERS 
RESET 


CHAR ADDR 






CHARACTERS 












TIMING 






FLASH 
RAM 










CONTROL 
WORD 
REGISTER 

EN 













ROW DRIVERS 






SELF SELF 
TEST TEST 
IN 









TIMING 





VISUAL | 
TEST 
ROM | 
TEST 















CHAR 


INTENSITY ADDR 








A FLASH TIMING 
BLINK AND ROW SET 
RESET CONTROL 

ocs 


CLOCK TIMING 





Figure 1. HDSP-213X Internal Block Diagram. 


HERMETIC DISPLAYS 








Display Internal Block RAM, an 8 bit Flash RAM, a chronize the decoding and driv- 


Diagram 128 character ASCII decoder, a ing of eight 5 x 7 dot matrix 
Figure 1 shows the internal 16 character UDC RAM,a UDC _ characters. The major user 
block diagram of the HDSP- Address Register, a Control accessible portions of the dis- 
213X display. The CMOS IC Word Register, and the refresh play are listed below: 


consists of an 8 byte Character circuitry necessary to syn- 


Character RAM This RAM stores either ASCII character data or a UDC RAM 
address. 


Flash RAM This is a 1 x 8 RAM which stores Flash data. 


User-Defined Character This RAM stores the dot pattern for custom characters. 
RAM (UDC RAM) 


User-defined Character This register is used to provide the address to the UDC RAM when 
Address Register the user is writing or reading a custom character. 
(UDC Address Register) 


Control Word Register This register allows the user to adjust the display brightness, flash 
individual characters, blink, self test or clear the display. 





Character Ram 

Figure 2 shows the logic levels 
needed to access the 
HDSP-213X Character RAM. _ 
During a normal access the CE 
= "0" and either RD = "0" or WR GONTHPESIGNSES 

= "0". However, erroneous data _ 

may be written into the Charac- Se i cd 

ter RAM if the Address lines are pe aa) sh eee a RIOHT MOST 
unstable when CE = "0" regard- 
less of the logic levels of the RD ence en een es 


or WR lines. Address lines A,-As 
. ; Dg Ds Da D3 D2 D Do 

are used to select the location in 
Po 


UNDEFINED 

WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 












the Character RAM. Two types 
of data can be stored in each 
Character RAM location: an 





ASCII code or a UDC RAM CHARACTER RAM DATA FORMAT 

address. Data bit D, is used to 

differentiate between an ASCII DIG) DIG; DIG, DIG; DIG, DIGs DIG, DIG, 

character and a UDC RAM | 

address. D, = 0 enables the 

ASCII decoder and D, =1 : SreCcinicg BY THE CHARACTER ADDRESS ABOVE 

enables the UDC RAM. D,-D, 

are used to input ASCII data petonie 0; 1 =LOGIC 1; X=DO NOT CARE 

and D,-D, are used to input a 

UDC address. Figure 2. Logic Levels to Access the Character RAM. 
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UDC RAM and UDC Address 
Register 

Figure 3 shows the logic levels 
needed to access the UDC RAM 
and the UDC Address Register. 
The UDC Address Register is 
eight bits wide. The lower four 
bits (D,-D,) are used to select 
one of the 16 UDC locations. 
The upper four bits (D,-D,) are 
not used. Once the UDC address 
has been stored in the UDC 
Address Register, the UDC 
RAM can be accessed. 


To completely specify a5 x 7 
character requires eight write 
cycles. One cycle is used to store 
the UDC RAM address in the 
UDC Address Register. Seven 
cycles are used to store dot data 
in the UDC RAM. Data is 
entered by rows. One cycle is 
needed to access each row. 
Figure 4 shows the organization 
of a UDC character assuming 
the symbol to be stored is an 
"F". A,-A, are used to select the 
row to be accessed and D,-D, 
are used to transmit the row dot 
data. The upper three bits (D,- 
D,) are ignored. D, (least signifi- 
cant bit) corresponds to the 
right most column of the 5 x 7 
matrix and D, (most significant 
bit) corresponds to the left most 
column of the 5 x 7 matrix. 


Flash RAM 

Figure 5 shows the logic levels 
needed to access the Flash 
RAM. The Flash RAM has one 
bit associated with each location 
of the Character RAM. The 
Flash input is used to select the 
Flash RAM. Address lines A,-A, 
are ignored. Address lines A,-A, 
are used to select the location in 
the Flash RAM to store the 
attribute. D, is used to store or 
remove the flash attribute. D, = 
"1" stores the attribute and D, = 
"0" removes the attribute. 


QO 
m 


w 
4 
ae 
ebb ls 


UNDEFINED 

WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 


CONTROL SIGNALS 


FL Ags Ag Ar Ay = Ao 


UNDEFINED 

WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 


CONTROL SIGNALS 


n 
r 


Ag 


> 
o 

> 
Nv 
z 

> 
rf 





— 
< 
ad 
rat 
Q 
a 
2 
= 
re 
wi 
so 


000 - ROW 1 


ROW SELECT | 44 pow? 


UDC RAM ADDRESS 


Oo 
~N 


Dg Os Dg D3 D2 D, Do 


DOT DATA 
UDC RAM 


Cc 
DATA FORMAT , 


1 
0 = LOGIC 0; 1 = LOGIC 1; X - DO NOT CARE 


Figure 3. Logic Levels to Access a UDC Character. 


cccce 
00000 

L. & bok & 

a UDC HEX 
D4 D3 Dz Dy Do CHARACTER CODE 
+1141 41 ROW1 «+ + # © 1F 
10000 ROW2 + 10 
1000 0 ROW3 + 10 
111 1 «0 ROW4 «+ «= 1D 
1000 0 ROWS + 10 
100 00 ROW6 «+ 10 
100 0 0 ROW7 + 10 
IGNORED 


0 =LOGIC 0; 1= LOGIC 1; *= ILLUMINATED LED. 


Figure 4. Data to Load "F" into the UDC RAM. 


When the attribute is enabled 
through bit 3 of the Control 
Word and a "1" is stored in the 
Flash RAM, the corresponding 
character will flash at approxi- 
mately 2 Hz. The actual rate is 


dependent on the clock fre- 
quency. For an external clock 
the flash rate can be calculated 
by dividing the clock frequency 
by 28,672. 
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UNDEFINED 

WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 





FL Ag Ag Ap Ay Ag 


CHARACTER 000 = LEFT MOST 
ADDRESS 111 = RIGHT MOST 


FLASH RAM ADDRESS 


Dy Dg Ds Da D3 Do Dy OD 
Da ae remy! REMOVE FLASH AT 
| 0 | SPECIFIED DIGIT LOCATION 
| STORE FLASH AT 
SPECIFIED DIGIT LOCATION 
FLASH RAM DATA FORMAT 
6 = LOGIC 0; 1 = LOGIC 1;X = DO NOT CARE 


Figure 5. Logic Levels to Access the Flash RAM. 


Control Word Register 
Figure 6 shows how to access 
the Control Word Register. This 
is an eight bit register which 
performs five functions. They 
are Brightness control, Flash 
RAM control, Blinking, Self 
Test and Clear. Each function is 
independent of the others. How- 
ever, all bits are updated during 
each Control Word write cycle. 


Brightness (Bits 0-2) 
Bits 0-2 of the Control Word 


adjust the brightness of the | 
display. Bits 0-2 are interpreted 
as a three bit binary code with Symbol | D, 


% | 25°C 
D, | Brightness | Typical | Units 


code (000) corresponding to 
maximum brightness and code 
(111) corresponding to a 
blanked display. In addition to 
varying the display brightness, 
bits 0-2 also vary the average 
value of I. Ip) can be calcu- 
lated at any brightness level by 
multiplying the percent bright- 
ness level by the value of I,,, at 


> e] 
n 
4 


approximately 2 Hz. For an 
external clock, the blink rate 


UNDEFINED 
WRITE TO DISPLAY 
READ FROM DISPLAY 
UNDEFINED 


EEF 
CEE Ff 


CONTROL SIGNALS 


FL OA Ap Ay Ag 


CONTROL WORD ADDRESS 


Bt 
w 


D7 Dg Ds Da, D3 D2 D, Do 


0 100% 
80% 


§3% 
40% BRIGHTNESS 


CONTROL 
27% 
20% LEVELS 


13% 


asta DAOC OO 
—~"=~OO=-48 400 
~A On 04 OC 


0 DISABLE FLASH 
1 ENABLE FLASH 


0 DISABLE BLINKING 
1 ENABLE BLINKING 


0 X NORMAL OPERATION; X IS IGNORED 
1 X START SELF TEST; RESULT GIVEN IN X 


X=QFAILED X=1 PASSED 


0 NORMAL OPERATION 
1 CLEAR FLASH AND CHARACTER RAMS 


CONTROL WORD DATA FORMAT 
0 = LOGIC 0; 1 = LOGIC 1; X = DO NOT CARE 


Figure 6. Logic Levels to Access the Control 
Word Register 


Table 2. Current Requirements at 
Different Brightness Levels 





all eight digits of the display. 
When this bit is a "1" all eight 


the 100% brightness level. 
These values of I,,, are shown in 
Table 2. 


Flash Function (Bit 3) 

Bit 3 determines whether the 
flashing character attribute is 
on or off. When bit 3 is a1", the 
output of the Flash RAM is 
checked. If the content of a loca- 
tion in the Flash RAM isa "1", 
the associated digit will flash at 


can be calculated by driving the 
clock frequency by 28,672. If the 
flash enable bit of the Control 
Word is a "0", the content of the 
Flash RAM is ignored. To use 
this function with multiple dis- 
play systems see the Reset 
section. 


Blink Function (Bit 4) 


Bit 4 of the Control Word is 
used to synchronize blinking of 
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digits of the display will blink at 
approximately 2 Hz. The actual 
rate is dependent on the clock 
frequency. For an external 
clock, the blink rate can be 
calculated by dividing the clock 
frequency by 28,672. This | 
function will override the Flash 
function when it is active. To 
use this function with multiple 
display systems see the Reset 
section. ae 


Self Test Function (Bits 5, 6) 
Bit 6 of the Control Word Regis- 
ter is used to initiate the self 
test function. Results of the 
internal self test are stored in 
bit 5 of the Control Word. Bit 5 
is a read only bit where bit 5 = 
"1" indicates a passed self test 
and bit 5 = "0" indicates a failed 
self test. 


Setting bit 6 to a logic 1 will 
start the self test function. The 
built-in self test function of the 
IC consists of two internal rou- 
tines which exercises major por- 
tions of the IC and illuminates 
all of the LEDs. The first routine 
cycles the ASCII decoder ROM 
through all states and performs 
a checksum on the output. If the 
checksum agrees with the 
correct value, bit 5 is set to "1". 
The second routine provides a 
visual test of the LEDs using the 
drive circuitry. This is accom- 
plished by writing checkered 
and inverse checkered patterns 
to the display. Each pattern is 
displayed for approximately 2 
seconds. 


During the self test function the 
display must not be accessed. 
The time needed to execute the 
self test function is calculated by 
multiplying the clock period by 
262,144. For example, assume a 
clock frequency of 58 KHz, then 
the time to execute the self test 
function frequency is equal to » 
(262,144/58,000) = 4.5 second 
duration. 


At the end of the self test func- 
tion, the Character RAM is 
loaded with blanks, the Control 
Word Register is set to zeros 
except for bit 5, and the Flash 
RAM is cleared and the UDC 
Address Register is set to all 
ones. 


Clear Function (Bit 7) 

Bit 7 of the Control Word will 
clear the Character RAM and 
the Flash RAM. Setting bit 7 to 
a "1" will start the clear func- 
tion. Three clock cycles (110 us 
min. using the internal refresh 
clock) are required to complete 
the clear function. The display 
must not be accessed while the 
display is being cleared. When 
the clear function has been com- 
pleted, bit 7 will be reset to a 
"0". The ASCII character code 
for a space (20H) will be loaded 
into the Character RAM to 
blank the display and the Flash 
RAM will be loaded with "0"s. 
The UDC RAM, UDC Address 
Register, and the remainder of 
the Control Word are 
unaffected. 


Display Reset 

Figure 7 shows the logic levels 
needed to Reset the display. The 
display should be Reset on 
Power-up. The external Reset 
clears the Character RAM, 
Flash RAM, Control Word and 
resets the internal counters. 
After the rising edge of the 
Reset signal, three clock cycles 
(110 us min. using the internal 
refresh clock) are required to 
complete the reset sequence. 
The display must not be 
accessed while the display is 
being reset. The ASCII Charac- 
ter code for a space (20H) will be 
loaded into the Character RAM 
to blank the display. The Flash 
RAM and Control Word Register 
are loaded with all "0"s. The 
UDC RAM and UDC Address 


RST CE WR FL Ag-Ag D7-Do 


0 = LOGIC 0; 1=LOGIC 1; X = DO NOT CARE 


NOTE: 
iF RST, CE AND WR ARE LOW, UNKNOWN 
DATA MAY BE WRITTEN INTO THE DISPLAY. 


Figure 7. Logic Levels to Reset the 
Display. 
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Register are unaffected. All 
displays which operate with the 
same clock source must be 
simultaneously reset to syn- 
chronize the Flashing and 
Blinking functions. 


Mechanical and Elec- 
trical Considerations 
The HDSP-2138X is a 32 pin 
dual-in-line package with 24 
external pins, which can be 
stacked horizontally and verti- 
cally to create arrays of any 
size. The HDSP-213X is de- 
signed to operate continuously 
from -55°C to +85°C with a 
maximum of 20 dots ON per 
character. Illuminating all 
thirty-five dots at full bright- 
ness is not recommended. 


The HDSP-213X is assembled 
by die attaching and wire bond- 
ing 280 LED chips and a CMOS 
IC to a ceramic substrate. A 
glass window is placed over the 
ceramic substrate creating an 
air gap over the LED wire 
bonds. A second glass window 
creates an air gap over the 
CMOS IC. This package con- 
struction makes the display 
highly tolerant to temperature 
cycling and allows wave solder- 
ing and visual inspection of the 
IC. 


Pp — POWER DISSIPATION — W 


O56 3545S BSCS 


Ta —°C 


Figure 8. Maximum Power Dissipa- 


tion vs. Ambient Temperature 
Derating Based on T,MAX = 125°C. 
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The inputs to the CMOS IC are 
protected against static dis- 
charge and input current latch- 
up. However, for best results 
standard CMOS handling pre- 
cautions should be used. Prior 
to use, the HDSP-213X should 
be stored in antistatic packages 
or conductive material. During 
assembly, a grounded conduc- 
tive work area should be used, 
and assembly personnel should 
wear conductive wrist straps. 
Lab coats made of synthetic ma- 
terial should be avoided since 
they are prone to static charge 
buildup. Input current latchup 
is caused when the CMOS in- 
puts are subjected to either a 
voltage below ground (V,,, < 
ground) or to a voltage higher 
than V,, (Viq > Vpp) and when a 
high current is forced into the 


input. To prevent input current | 


latchup and ESD damage, un- | 
used inputs should be connected 
either to ground or to V,,. Volt- 
ages should not be applied to 
the inputs until V,,, has been 
applied to the display. Tran- 
sient input voltages should be 
eliminated. 


Thermal | 
Considerations 

The HDSP-213X has been de- 
signed to provide a low thermal 
resistance path from the CMOS 
IC to the 24 package pins. This 
heat is then typically conducted 
through the traces of the user's 
printed circuit board to free air. 
For most applications no addi- 
tional heatsinking is required. 


The maximum operating IC 
junction temperature is 125°C. 
The maximum IC junction tem- 
perature can be calculated using 
the following equation: 


T,(IC) MAX = T, 
+ (P;MAX) (RO, py + ROpinea) 


Where 
P,MAX = (V,,,MAX) (1,,,MAX) 


I jp MAX = 370 mA with 20 dots 
ON in eight character locations 
at 25°C ambient. This value is 
from the Electrical Characteris- 
tics table. 


P,MAX = (5.5 V)(0.370 A) 
= 2.04 W 


Ground Connections 


Two ground pins are provided to 
keep the internal IC logic 
ground clean. The designer can, 
when necessary, route the ana- 
log ground for the LED drivers 
separately from the logic ground 
until an appropriate ground 
plane is available. On long 
interconnects between the dis- 
play and the host system, the 
designer can keep voltage drops 
on the analog ground from 
affecting the display logic levels 
by isolating the two grounds. 


The logic ground should be con- 
nected to the same ground 
potential as the logic interface 
circuitry. The analog ground 
and the logic ground should be 
connected at a common ground 
which can withstand the cur- 
rent introduced by the switching 
LED drivers. When separate 
ground connections are used, 
the analog ground can vary 
from -0.3 V to +0.3 V with re- 
spect to the logic ground. Volt- 
age below -0.3 V can cause all 
dots to be on. Voltage above 
+0.3 V can cause dimming and 
dot mismatch. 


ESD Susceptibility 
These displays have ESD sus- 
ceptibility ratings of CLASS 3 
per DOD-STD-1686 and CLASS 
B per MIL-STD-883C. 
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Soldering and Post 
Solder Cleaning 
Instructions for the 
HDSP-213X 


The HDSP-213X may be hand 
soldered or wave soldered with 
SN63 solder. When hand solder- 
ing it is recommended that an 
electronically temperature con- 
trolled and securely grounded 
soldering iron be used. For best 
results, the iron tip temperature 
should be set at 315°C (600°F). 
For wave soldering, a rosin- 
based RMA flux can be used. 
The solder wave temperature 
should be set at 245°C + 5°C 
(473°F + 9°F), and dwell in the 
wave should be set between 
1-1/2 to 3 seconds for optimum 
soldering. The preheat tempera- 
ture should not exceed 105°C 
(221°F) as measured on the 
solder side of the PC board. 


Post solder cleaning may be 
performed using water or Freon/ 
alcohol mixtures formulated for 
vapor cleaning processing or 
Freon/alcohol mixtures formu- 
lated for room temperature 
cleaning. Freon/alcohol vapor 
cleaning processing for up to 2 
minutes in vapors at boiling 
temperature is permissible. 
Suggested solvents include 
Freon TF, Freon TE, Genesolv 
DI-15, Genesolv DE-15, 
Genesolv DES, and water. 


An aqueous cleaning process 
may be used. A saponifier, such 
as Kester Bio-Kleen Formula 
5799 or its equivalent, may be 
added to the wash cycle of an 
aqueous process to remove rosin 
flux residues. Organic acid flux 
residues must be thoroughly 
removed by an aqueous cleaning 
process to prevent corrosion of 
the leads and solder connections. 
The optimum water temper- 


ature is 60°C (140°F). The 
maximum cumulative exposure 
of the HDSP-213X to wash and 
rinse cycles should not exceed 
15 minutes. For additional 
information on soldering and 
post solder cleaning, see Appli- 
cation Note 1027. 


High Reliability Testing 
Two standard high reliability 
testing programs are available. 
The TXVB program is in con- 
formance with MIL-D-87157 
level A Test Tables. The TXVB 
product is tested to Tables I, II, 
IIIa and IVa. The TXV program 
is an HP modification to the full 
conformance program and offers 
the 100% screening of Quality 
Level A, Table I, and Group A, 
Table II. 


100% Screening 


Contrast Enhancement 
When used with the proper con- 
trast enhancement filters, the 
HCMS-213X series displays are 
readable daylight ambients. 
Refer to Application Note 1029 
Luminous Contrast and Sun- 
light Readability of the HDSP- 
238X Series Alphanumeric 
Displays for Military Applica- 
tions for information on contrast 
enhancement for daylight 
ambients. Refer to Application 
Note 1015 Contrast Enhance- 
ment Techniques for LED 
Displays for information on con- 
trast enhancement in moderate 
ambients. 


Night Vision Lighting 
When used with the proper 
NVG/DV filters, the 
HDSP-2131, HDSP-2179 and 


Table I. Quality Level A of MIL-D-87157 










9. Final Electrical Test®! 


Notes: 
1. MIL-STD-883 Test Method applies. 


1. Precap Visual 2072 


2. High Temperature Storage 1032 
3. Temperature Cycling 1051 Condition B™! , 10 cycles, 15 minute dwell 
2006 


10,000 Gs at Y, & Y, orientation 
Condition H 


Condition C or K®! 


4. Constant Acceleration 


6. Gross Leak 1071 


7. Interim Electrical/ T. CBEK) LV), To), Lislapsloue ons te 
Optical Tests”! 





MIL-STD-750 
Method 







T 


A 





and Visual Function T, = 25°C 


2. Limits and conditions are per the electrical/optical characteristics. 


3.T, = +100°C for HDSP-2133. 
4.T, = -55°C to +100°C for HDSP-2133. 


5. Fluid temperature = +100°C for HDSP-2133. 


4-181 


Interpreted by HP Procedure 5956-7512-52 
= 125°C"), Time = 24 hours 


Condition B at V,, = 5.5 V, cycle through 


8. Burn-In"#) 1015 
T, = +85°C, Time = 160 hours 


10. Delta Determinations | | Eg (V) & 1, (#9) = 410%, I, = -20% 
11. External Visual"™ 2009 


character set 1 per second, 


HDSP-2133 may be used in 
night vision lighting applica- 
tions. The HDSP-2131 (yellow), 
HDSP-2179 (orange) displays 
are used as master caution and 
warning indicators. The HDSP- 
2133 (high performance green) 
displays are used for general 
instrumentation. For a list of 
NVG/DV filters and a discussion 
on night vision lighting technol- 
ogy, refer to Application Note 
1030 LED Displays and Indica- 
tors and Night Vision Imaging 
System Lighting. An external 
dimming circuit must be used to 
dim these displays to night 
vision lighting levels to meet 
NVIS radiance requirements. 
Refer to AN 1039 Dimming 
HDSP-213X Displays to Meet 
Night Vision Lighting Levels. 
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Table II. Group A Electrical Tests -— MIL-D-87157 


[Subgroup Test 


Subgroup 1 | | 
DC Electrical Tests at 25°C™ Tp (BLK), 15(¥)5 Lops Ligs dips Los lors: dos 
and function test 





Subgroup 2 | 
DC Electrical Tests at High © Same as Subgroup 1 except delete I, and visual 
Temperature!!! function. T, = +85°C 


Subgroup 3 
DC Electrical Tests at Low Same as Subgroup 1 except delete I, and visual 


Temperature! function. T, = -55°C 


Subgroup 4, 5, and 6 not 
applicable 


Subgroup 7 
Optical and Functional Tests Satisfied by Subgroup 1 
at 25°C 


Subgroup 8 | 
External Visual MIL-STD-883, Method 2009 


Notes: 
1. Limits and conditions are per the electrical/optical characteristics. 
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Table IIIa. Group B Electrical Tests - MIL-D-87157 


MIL-STD-750 
Subgroup Test Method Conditions Sample Size 
Subgroup 1 
Resistance to Solvents 1022 4 Devices 
| 0 Failures 
Internal Visual and Design 2075"! 1 Device 
Verification"! 0 Failures 
Subgroup 2/3! 
Solderability™ 2026 T, = 245°C for 5 seconds LTPD = 15 
Subgroup 3 
Thermal Shock Temperature Cycle 1051 Condition B1, 15 minute dwell 


Moisture Resistance! 1021 


Fine Leak 1071 Condition H LTPD = 15 
Gross Leak 1071 Condition C or K®! 
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Electrical/Optical Endpoints™! I p(BLK), 1,,(V), Ip), Tap I, 
Lou Loy» Ly & function, 
T, = 25°C 
Subgroup 4 
Operating Life Test 340 hrs 1027 T, = +85°C @V,,, =5.5 V LTPD = 10 
Electrical/Optical Endpoints®! | me Same as Subgroup 3 


Subgroup 5 
Non-Operating Storage Life T, = +125°C"! | 


Test 340 hrs LTPD = 10 





Electrical/Optical Endpoints® Same as Subgroup 3 


Notes: 

1. Visual inspection is performed through the display window. 

2. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
3. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number 
of leads required. 

Initial conditioning is a 15° inward bend for one cycle. 

Limits and conditions as per the electrical/optical characteristics. 

Equivalent to MIL-STD-883, Method 2014. 

The steam aging is not performed on gold plated leads. 

Fluid temperature = +100°C for HDSP-2133. 

T, = +100°C for HDSP-2133. 


a wee cas 
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Table IVa. Group C, Class A and B of MIL-D-87157 


MIL-STD-750 
Subgroup Test Method Conditions a Sample Size 


Subgroup 1! 

Physical Dimensions 2066 2 Devices 
0 Failures 

Subgroup 2'! 

Lead Integrity'”*! 2004 Condition B2 


Fine Leak 1071 Condition H LTPD = 15 
Gross Leak 1071 Condition C or K"° 


Subgroup 3 | : 
Shock 2016 1500 G. Time = 0.5 ms, 5 blows 
in each orientation X,, Y,, Z, 


Vibration Variable Frequency 2056 | 
Constant Acceleration 2006 10,000G at Y,, Y, orientation LTPD = 15 


External Visual 1010 or 1011 Mee eee ted 


Electrical/Optical Endpoints®! Tp(BLK), Ipp(V), Typ (#), I 


7 “DD ? “DD 


I._, 1, and Visual 


Tis lop OL? “V 
Function, T, = 25°C 


TH? 


Subgroup 4113) 
Salt Atmosphere | 1041 


External Visual iol0orloll|~~~SOSCSC;«7«7;<;‘ 


Subgroup 5 
Bond Strength®! 2037 Condition A LTPD = 20 
| C=0 


Subgroup 6 
Operating Life Test! 1026 T, = +85°C at V,, =5.5 V 


Electrical/Optical Endpoints® Same as Subgroup 3 


LTPD = 15 





Notes: 
1. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
2. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number 
of leads required. . 

. Solderability samples shall not be used. 

. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 

. Displays may be selected prior to seal. 

. Ifa given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 
340 hour life tests may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such 
cases either the 340 hour endpoint measurements shall be made a basis for Group B lot acceptance or the 1000 hour 
endpoint measurement shall be used as the basis for both Group B and Group C acceptance. 

. MIL-STD-883 test method applies. 

. Limits and conditions are per the electrical/optical characteristics. 

. Initial conditioning is a 15° inward bend for three cycles. 

. Fluid temperature = +100°C for HDSP-2133. 
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Features 

e WIDE OPERATING TEMPERATURE RANGE 
-55°C to +100°C 

e TRUE HERMETIC PACKAGE 

e TXVB VERSION CONFORMS TO MIL-D-87157 
QUALITY LEVEL A TEST TABLES 

e CMOS IC FOR LOW POWER 
CONSUMPTION 


e SMART ALPHANUMERIC DISPLAY 
Built-in RAM, ASCII Decoder, and LED Drive 
Circuitry 

e VERY FAST ACCESS TIME, 160 ns 

e EXCELLENT ESD PROTECTION 
Built-in Protective Diodes 


e FULL TTL COMPATIBILITY OVER 
OPERATING TEMPERATURE RANGE 


e END-STACKABLE 
e WIDE VIEWING ANGLE 
e WAVE SOLDERABLE 


Description 


The HMDL-2416 is a smart 3.8 mm (0.15”) four character, 
sixteen segment red GaAsP display. It is contained in a 
hermetic 18 pin dual-in-line, glass sealed ceramic pack- 
age. The on-board CMOS IC contains memory, ASCII 
decoder, multiplexing circuitry, and drivers. It has a wide 
operating temperature range, and is fully TTL compatible, 
wave solderable, and highly reliable. This display is ideally 
suited for military and high reliability industrial applications 
where a rugged, reliable, easy-to-use alphanumeric display 
is required. 


Typical Applications 

e MILITARY EQUIPMENT 

e AVIONICS 

e HIGH RELIABILITY INDUSTRIAL EQUIPMENT 


FOUR CHARACTER 
3.8mMmM (015 Inch) | HMoL-2416 


HMDL-2416T XV 


HERMETIC, SMART | umot-2a16Txve 
ALPHANUMERIC DISPLAY 








Absolute Maximum Ratings 


Supply Voltage, Vcc to Ground ........... -0.5V to 70 V 
Input Voltage, 
Any Pinto Ground ................ ~0.5VtoVect+.5V 
Free Air Operating 

Temperature Range, Tp ..........006- -55° to +100°C 
Storage Temperature, Ts ...........000- -65° to +125°C 


Maximum Solder Temperature, 1.59 mm (0.063 in.) 
below Seating Plane, t<5sec. ................ 260° C 


ESD WARNING: The HMDL-2416 is implemented in a 
standard CMOS process with diode protection of all inputs. 
The ESD susceptibility of this 1C device is Class A of MIL- 
STD-883 or Class 2 of DOD-STD-1686 and DOD-HDBK- 
263. Standard precautions for handling CMOS devices 
should be observed. 
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Package Dimensions 


27.94 MAX 


(1.100) 
3.30 












ence gees 








































1 CHIP ENABLE GND 
15.11 11.43 15.24 }2 | CE, CHIP ENABLE Dp DATA INPUT 
(0.595) SL (0.45) (0.600) 3 | CLR CLEAR D, DATA INPUT 
4 | CUE CURSOR ENABLE D2 DATA INPUT 
| 5 | CU CURSOR SELECT D3 DATA INPUT 
\ 6 | WR WRITE Dg DATA INPUT 
eo = 7 | Aq DIGIT SELECT Ds DATA INPUT 
PIN NO. 1 p= 8 DIGIT SELECT D4 DATA INPUT 
0.25 +0.05 9 DISPLAY BLANK 
6.985 +0.13 
(0.275 +0.005) TOP VIEW (9:010;20;002) 
3.68 1.27 +0.13 END VIEW 
| ~ (0. (0.050 +.005) 
ee -SEATING PLANE 
: 5.97 
(0.195) | (0.235) 
| 4.06 
(0.160) - | NOTES: 
1. DIMENSIONS IN mm (INCHES). 
le tL ay, Seo ONS. E YE. 2. UNLESS OTHERWISE SPECIFIED THE TOLERANCE ON ALL 
: ——>{| Re (0,100 + 0.005) DIMENSIONS IS +0.38 mm (0.015”). 
0.54 +0.13 es NON ACCUMULATIVE 3. PIN 11S IDENTIFIED BY INK DOT ON BOTTOM OF PACKAGE. 
0.020 +0.003 F 
(0.85) By 


SIDE VIEW 


| 


DC Electrical Characteristics Over Operating Temperature Range 


TYPICAL VALUES 
[Parmeter Smt [is | 


Symbol 
loc 4 digits on (10 seg/digit) [1.2] pe 


Thermal Resistance Junction to Case RO 5-c °C/W/ 
Device 


GUARANTEED VALUES 

















Maximum Over 
Operating Temperature 
Range 


Parameter 


ee ne 
[Power Dissipation’ —————SSOS~S 
[teak Rate —SSSCSC~C~—~*~*~‘sR ‘dS 


Notes: 
1. “%” illuminated in all four characters. 4. Cursor operates continuously over operating temperature range. 
2. Measured at five seconds. 5. Power dissipation = Voc ° Ioc (10 Seg.). 


3. Cursor character is sixteen segments and DP on. 
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AC Timing Characteristics Over Temperature at Vcc = 4.5 v™ 


-20°C 25°C 70°C | 
Symbol Description tin twin twin 













[AderessHostine ———SSSiS Pw 
[7 tee | _Chpenabevioatime st if Ye 
130 


tas 
D- tale 10 

3 tw 
6 tay 40 
40 


0 
| = sRefresh Rate 420-790 310-630 270-550 
mM 


S 

z 
Note: 1. These parameters are guaranteed by design but are not tested. 

d 


Optical Characteristics 


Parameter Typ. 
Peak Luminous Intensity per digit, Voc = 5.0 V 0.2 
8 segments on (character average) “*” illuminated in 

all 4 digits (25°C) 
655 
640 





Cc 
nm 
nm 
m 





degrees 
m 


tacc 


CE, 2.0 V 
CE 0.8 V 
tcEs 
CE, 2.0 V 
CE2 0.8 V 
| @) 
tcEH 
Ao 2.0V 
Ai 
CU 0.8V 
WR 





two <—_-_________—_— tw 


2.0V 
Dg-Dg ) 
| 0.8V 
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Character Font Description 





Electrical Description 


Display Internal Block Diagram 


Figure 1 shows the internal block diagram for the 
HMDL-2416 display. Thc CMOS IC consists of a four-word 
ASCI! memory, a four-word cursor memory, a 64-word 
character generator, 17 segment drivers, four digit drivers, 
and the scanning circuitry necessary to multiplex the four 
monolithic LED characters. In normal operation, the divide- 
by-four counter sequentially accesses each of the four RAM 
locations and simultaneously enables the appropriate dis- 
play digit driver. The output of the RAM is decoded by the 
character generator which, in turn, enables the appropriate 
display segment drivers. For each display location, the cur- 
sor enable (CUE) selects whether the data from the ASCII 
RAM (CUE = 0) or the stored cursor (CUE = 1) is to be 
displayed. The cursor character is denoted by all sixteen 
segments and the DP ON. Seven-bit ASCII data is stored in 
RAM. Since the display utilizes a 64-character decoder, half 
of the possible 128 input combinations are invalid. For each 
display location where Ds = De in the ASCII RAM, the dis- 
play character is blanked. The entire display is blanked 
when BL = 0. 


Data is loaded into the display through the data inputs 
(Dg- Do), digit selects (Ay, Ao), chip enables (CE4, CEs, 
cursor select (CU), and write (WR). The cursor select (CU) 
determines whether data is stored in the ASCII RAM A (CU = = 
1) or cursor memory (CU = 0). When CE, = CEs= = WR=0 
and CU = 1, the information on the data inputs is stored in 
the ASCII RAM at the location specified by the digit 
selects (Aj, Ag). When CE, = CE» = WR = 0 and CU =O, the 
information on the data input, Do, is stored in the cursor at 
the location specified by the digit selects (Aj, Ag). If Do = 1, 
a cursor character is stored in the cursor memory. If Do = 
O, a previously stored cursor character will be removed 
from the cursor memory. 


If the clear input (CLR) equals zero for one internal display 
cycle (4 ms minimum), the data in the ASCII RAM will be 
rewritten with zeroes and the display will be blanked. Note 
that the blanking input (BL) must be equal to logical one 
during this time. 


Relative Luminous Intensity 
VS. ements 
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0 
~60 -40 -20 0 20 40 60 80 


TA — AMBIENT TEMPERATURE — (°C) 


Data Entry 


Figure 2 shows a truth table for the HMDL-2416 display. Set- 
ting the chip enables (CE,, CE») to their low state and the 
cursor select (CU) to its high state will enable data loading. 
The desired data inputs (Dg-Dg) and address inputs (Aj, 
Ao) as well as the chip enables (CE;, CE») and cursor 
select (CU) must be held stable during the write cycle to 
ensure that the correct data is stored into the display. Valid 
ASCII data codes are shown in Figure 3. The display 
accepts standard seven-bit ASCII data. Note that Dg = Ds 
for the codes shown in Figure 2. If Dg = Ds during the write 
cycle, then a blank will be stored in the display. Data can 
be loaded into the display in any order. Note that when A, 
= Ag = 0, data is stored in the furthest right-hand display 
location. 


Cursor Entry 

As shown in Figure 2, setting the chip enables (CE1, CE2) to 
their low state and the cursor select (CU) to its low state will 
enable cursor loading. The cursor character is indicated by 
the display symbol having all 16 segments and the DP ON. 
The least significant data input (Do), the digit selects 
(A, Ao), the chip enables (CEy, CE), and the cursor select 
(CU) must be held stable during the write cycle to ensure 
that the correct data is stored in the display. If Dg is in a 
low. state during the write cycle, then a cursor character 
will be removed at the indicated location. If Dg is in a high 
state during the write cycle, then a cursor character will be 
stored at the indicated location. The presence or absence 
of a cursor character does not affect the ASCII data stored 
at that location. Again, when A; = Ao = O, the cursor 
character is stored in the furthest right-hand display 
location. 


All stored cursor characters are displayed if the cursor ena- 
ble (CUE) is high. Similarly, the stored ASCII data words are 
displayed, regardless of the cursor characters, if the cursor 
enable (CUE) is low. The cursor enable (CUE) has no effect 
on the storage or removal of the cursor characters within 
the display. A flashing cursor is displayed by pulsing the 
cursor enable (CUE). For applications not requiring a cur- 
sor, the cursor enable (CUE) can be connected to ground 
and the cursor select (CU) can be connected to Vcc. This 
inhibits the cursor function and allows only ASCII data to 
be loaded into the display. 
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DATA INPUTS (Dg6-D1) 












4x7 
ASCII Do 
MEMORY 


64 x 17 
CHARACTER 
GENERATOR 











SEGMENT 


DATA INPUT (Do) DRIVER 








ADDRESS INPUTS (A,-Ag) = ie 






WRITE CLEAR READ CURSOR BLANK 





4x1 
CURSOR MEMORY 









WRITE READ 


CHIP ENABLES (CE, CE2) 


WRITE (WR) 
CURSOR SELECT (CU) 


HERMETIC DISPLAYS 


CURSOR ENABLE (CUE) 


CLEAR (CLR) 


BLANK (BL) 










10F 4 
DECODER 






COUNTER 


Figure 1. HMDL-2416 Internal Block Diagram 
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Display Clear 


As shown in Figure 2, the ASCII data stored in the display 
will be cleared if the clear (CLR) is held low and the blank- 
ing input (BL) is held high for 4 ms minimum. The cursor 


memory is not affected by. the clear (CLR) input. Cursor | 


characters can be stored or removed even while the clear 
(CLR) is low. Note that the display will be cleared regardless 
of the state of the chip enables (CE1, CE2). However, to 
ensure that all four display characters are cleared, CLR 
should be held low for 4 ms following the last write cycle. 


Display Blank 


As shown in Figure 2, the display will be blanked if the 
blanking input (BL) is held low. Note that the display wiil be 
blanked regardless of the state of the chip enables (CE1, 


Disable 
Data 


Memory 


Cursor 


Clear 
Cursor 


Disable 
| Cursor 
Memory 


L = LOGIC LOW INPUT 
H = LOGIC HIGH INPUT 
X = DON'T CARE 


NC = NO CHANGE 


x< 
x< 


CE2) or write (WR) inputs. The ASCII data stored in the dis- 
play and the cursor memory are not affected by the 
blanking input. ASCII data and cursor data can be stored 
even while the blanking input (BL) is low. Note that while the 
blanking input (BL) is low, the clear (CLR) function is inhi- 
bited. A flashing display can be obtained by applying a low 
frequency square wave to the blanking input (BL). Because 
the blanking input (BL) also resets the internal display mul- 
tiplex counter, the frequency applied to the blanking input 
(BL) should be much slower than the display multiplex rate. 
Finally, dimming of the display through the blanking input 
(BL) is not recommended. 


For further application information please consult Applica- 
tion Note 1026. 


DIG3DIG,DIG,DIGo 


NC NC NC A 
NC NC #B NC 
NC C NC NC 
0 NC NC NC 


Previously Written 
Data 


M1 KKK KK OK OK OX 
< | KKK KL KK OK OK 
x< | KK KK | KK OK OX 
<x | KK KK | OK OK OK OX 
<x | KKK KL OK OK OK OK 
~— | KK KL OK OK OK OK 
0 Itidt 


Previously Written 
Cursor 





“a” = ASCII CODE CORRESPONDING TO SYMBOL “RR” 


BA = CURSOR CHARACTER (ALL SEGMENTS ON) 


Figure 2a. Cursor/Data Memory Write Truth Table 













[Function| BL CLR CUE CU CE, CE, WR |DIG3 DIG, DIG, DIGo 
CUE H H L X X X X FA . Display previously written data 
H H H X X X X DY Display previously written cursor 
| Clear H L X X X xX it i | i | ea Clear data memory, cursor memory 
7 : . * unchanged 
*NOTE: CLR should be held low for 4 ms 
following the last WRITE cycle to ensure 
all data is cleared. 
Blanking} L =X  X X X KX KX Frid pa ¢ “| 


| Pay i + Blank display, data and cursor 
memories unchanged. | 


Figure 2b. Displayed Data Truth Table 
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aon 


- 4 


0 
1 


D3 
Do 
D, 
= 


pee E 


Figure 3. HPDL-2416 ASCII Character Set 


Mechanical and Electrical 
Considerations 


The HMDL-2416 is an 18 pin dual-in-line package, that can 
be stacked horizontally and vertically to create arrays of 
any size. The HMDL-2416 is designed to operate contin- 
uously from -55° to +100°C for all possible input condi- 
tions including the illuminated cursor in all four character 
locations. The HMDL-2416 is assembled by die attaching 
and wire bonding the four GaAsP/GaAs monolithic LED 
chips and the CMOS IC to a 18 lead ceramic-glass dual-in- 
line package. It is designed either to plug into DIP sockets 
or to solder into PC boards. 


The inputs of the CMOS IC are protected against static 
discharge and input current latchup. However, for best 
results standard CMOS handling precautions should be 
used. Prior to use, the HMDL-2416 should be stored in 
anti-static tubes or conductive material. During assembly, 
a grounded conductive work area should be used. The 
assembly personnel should use conductive wrist straps. 
Lab coats made of synthetic materials should be avoided 
since they are prone to static charge build-up. Input cur- 
rent latchup is caused when the CMOS inputs are sub- 
jected to a voltage either below ground (Vij < ground) or 
to a higher voltage than Vcc (Vin > Vcc) and a high 
current is forced into the input. To prevent input current 
latchup and ESD damage, unused inputs should be 
connected either to ground or to Vcc, voltages should not 
be applied to the inputs until Vcc has been applied to the 
display, and transient input voltages should be eliminated. 


an 
aE 
TEP Bee aa 
E|F GH Brie 
VW 





| 
KUHL 
z 
LIM 


‘ 


: 
a 
is 
Ni 
Al 


Soldering and Post Solder 
Cleaning Instructions for the 
HMDL-2416 


The HMDL-2416 may be hand soldered or wave soldered 
with SN63 solder. Hand soldering may be safely performed 
only with an electronically temperature-controlled and 
securely grounded soldering iron. For best results, the iron 
tip temperature should be set at 315°C (600°F). For wave 
soldering, a rosin-based RMA flux or a water soluble 
organic acid (OA) flux can be used. The solder wave 
temperature should be 245°C +5°C (473°F +9°F), and the 
dwell in the wave should be set at 1 1/2 to 3 seconds for 
optimum soldering. 


Post solder cleaning may be accomplished using water or 
Freon/alcohol mixtures formulated for vapor cleaning pro- 
cessing or Freon/alcohol mixtures formulated for room 
temperature cleaning. Freon/alcohol vapor cleaning pro- 
cessing for up to 2 minutes in vapors at boiling is per- 
missible. Suggested solvents include Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15, Genesolv DES, and water. 


For further information on soldering, refer to Application 
Note 1027, “Soldering LED Components”. 
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Optical Considerations/ 
Contrast Enhancement 


Each HMDL-2416 display is tested for luminous intensity 
and marked with an intensity category on the back of the 


display package. To ensure intensity matching for multiple | 


package applications, all displays for a given panel should 
have the same category. 


The HMDL-2416 display is designed to provide maximum 
contrast when placed behind an appropriate contrast en- 
hancement filter. Some suggested filters are Panelgraphic 
Dark Red 63, SGL Homalite H100-1650, Rohm and Haas 
2423, Chequers Engraving 118, and 3M R6510. For further 
information on contrast enhancement, see Hewlett-Packard 
Application Note 1015. 


100% Screening 


High Reliability Testing 

Two standard high reliability testing programs are available. 
The TXVB program is in conformance with MIL-D-87157 
level A Test Tables. The TXVB product is tested to Tables 
I, ll, Hla, and IVa. The TXV program is an HP modification to 
the full conformance program and offers the 100% screen- 
ing of Quality Level A, Table |, and Group A, Table II. 





Part Marking System 
With Tables 


Standard Product With Table | and Il | 1, Ul, Ila, Va 
HMDL-2416 HMDL-2416TXV HMDL-2416TXVB 






Table |. Quality Level A of MIL-D-87157 











Test Screen 


1. Precap Visual 2072 
2. High Temperature Storage 1032 
| 5. Fine Leak | 1071 


8. Burn-in!) 1015 


9. Final Electrical Test?! 





10. Delta Determinations 


2009 


| 11. External Visuall7] 


Notes: 
1. MIL-STD-883 Test Method Applies 
2. Limits and conditions are per the electrical optical characteristics. 


MIL-STD-750 
ivieinod 





| 


Conditions 


Interpreted by HP Procedure 5956-7235-52 
Ta = 125°C, Time = 24 hours 
Condition B, 10 cycles, 15 min. dwell 





5,000 G’s at Yi orientation 


Condition H 
Condition C or K 


loco ly @ Voc = 5.0 V 

Ta = 25°C 

Condition B at Voc = 5.5 V 
Ta= 100°C 

t= 160 hours 


loc%, loc (CU), loc (BL) 
li, ly @ Veco =5.0V 
Ta= 25°C 

Alec = + 10% 

A ly=- 20% 

Ta = 25°C 
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Table Il. Group A Electrical Tests — MIL-D-87157 


Parameters 


loco%, Ioc (CU), Io (BL), Ih, ly and visual function 
@ Voc =5.0V 


Subgroup/Test 











Subgroup 1 
DC Electrical Tests at 25° C1! 








Subgroup 2 
DC Electrical Tests at High 
Temperature!!! 





Same as Subgroup 1, except delete ly and visual 
function, Ta = + 100°C 












Subgroup 3 
DC Electrica! Tests at Low 
Temperature!!! 







Same as Subgroup 1, except delete lv and visual 
function, Ta = -55°C 


Subgroup 4, 5, and 6 not applicable 


Subgroup 7 
Optical and Functional Tests at 25°C Satisfied by Subgroup 1 5 
Subgroup 8 
External Visual MIL-STD-883, Method 2009 Ves 
Note: 


1. Limits and conditions are per the electrical/optical characteristics. 


Table Illa. Group B, Class A and B of MIL-D-87157 


MIL-STD-750 
Subgroup/Test Method Conditions Sample Size 
Subgroup 1 
Resistance to Solvents 1022 4 Devices/ 
a O Failures 


Internal Visual and Design Verification!] 1 Device/ 


207516) 
Subgroup 2[2.3] 
Solderability 2026 Ta = 245°C for 5 seconds LTPD = 15 
Subgroup 3 
Thermal Shock (Temp. Cycle) 1051 Condition B1, 15 minute dwell LTPD = 15 


Moisture Resistancel4l WONG Me coe ee pet eee ee alee, 
Fine Leak 1071 Condition H (Pca 
Gross Leak 1071 Condition C or K fh 


Electrical/Optical Endpoints|5] loc%, lec (CU), lee (BL), Ib, ly 
@ Vcc = 5.0 V and visual function. 





O Failures 





Ta = 25°C 
Subgroup 4 
Operating Life Test (340 hrs.) 1027 Ta = 100°C @ Voc =5.5V LTPD = 10 
Electrical/Optical Endpoints|5] fF Same as Subgroup 3 


Subgroup 5 
Non-operating (Storage) Life 1032 Ta = +125°C LTPD = 10 





Test (340 hrs.) 


Electrical/Optical Endpointsl®] — Same as Subgroup 3 





Notes: 

1. Visual inspection is performed through the display window. 

2. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

3. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of leads 
required. 

4. Initial conditioning is a 15° inward bend for one cycle. 

5. Limits and conditions are per the electrical/optical characteristics. 

6. Equivalent to MIL-STD-883, Method 2014. 
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Table I1Va. Group C, Class A and B of MIL-D-87157 | | 
MIL-STD-750 | 
Subgroup/Test _ Method Conditions : Sample Size 


Subgroup 1 | 
Physical Dimensions 2066 
Subgroup 2/2] | 
2004 Condition B2 


‘Lead Integrityl® 91 
Fine Leak 1071 Condition H | 
1071 Condition C or K _ . | 


Gross Leak 
Shock 2016 1500G, Time = 0.5 ms, 5 blows in 
7 . each orientation X1, Y1, 21° . 
Vibration, Variable Frequency Pw eee 
Constant Acceleration 
External Visuall4] 


Electrical/Optical Endpoints[8] 




















2 Devices/ 
O Failures 






















LTPD = 15 

















LTPD = 15 








loo%, loc (CU), Iec (BE), tit, Iv 
@ Vcc = 5.0 V and visual function. 
Ta = 25°C 








Subgroup 411.3] 
Salt Atmosphere 


External Visual{4] 1010 or 1011 


Subgroup 5 
Bond Strength] 2037 Condition A LTPD = 20 
(Cc =0) 


LTPD = 15 








Subgroup 6 
Operating Life Testl4] 1026 Ta = 100°C @ Vcc =5.5V 
Electrical/Optical Endpoints{8] fF Same as Subgroup 3 
Notes: 


1. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

2. TheLTPD applies to the number of leads inspected except in no case shall Jess than three displays be used to provide the number of leads 
required. 

Solderability samples shall not be used. 

Visual requirements shall be as specified in MIL-ST D-883, Methods 1010 or 1011. 

Displays may be selected prior to seal. . 

If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements. the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. | 
MIL-STD-883 test method applies. 

Limits and conditions are per the electrical/optical characteristics. 

Initial conditioning is a 15° inward bend for three cycles. 


Se 


eS 


4-194 


CMOS Hermetic Extended 
Temperature Range 5x7 
Alphanumeric Displays 


Technical Data 


Features 

¢ On-Board Low Power 
CMOS IC 
Integrated Shift Register with 
Constant Current LED 
Drivers 

¢ Wide Operating 
Temperature Range 
-55°C to +100°C 

¢ HI-REL Screening per 
MIL-D-87157 
Quality Level A 
TXV or TVXB 


¢ Hermetic Package 


¢ Compact Glass Ceramic 4 
Character Package 
HCMS-201X Series End 
Stackable 
HCMS-231X/-235X 
Series X-Y Stackable 

¢ HCMS-235X Series are 
Sunlight Viewable 

¢ Five Colors 
Standard Red 
High Efficiency Red 
Orange 
Yellow 
High Performance Green 

¢ 5x7 LED Matrix Displays 
Full ASCII Set 


¢ Two Character Heights 
3.8mm (0.15 inch) 
5.0mm (0.20 inch) 

¢ Wide Viewing Angle 
X Axis = +50° 
Y Axis = +65° 

¢ Long Viewing Distance 
HCMS-201X Series to 2.6 
Meters (8.6 Feet) 
HCMS-231X/-235X Series to 
3.5 Meters(11.5 Feet) 

¢ Categorized for Luminous 
Intensity 

¢ HCMS-2011/2013 
HCMS-2311/-2313/-2314 
HCMS-2351/-2353/-2354 
Useable in Night Vision 
Lighting Applications 

¢ HCMS-2011/-2013, 
HCMS-2311/-2313 and 
HCMS-2351/-2353: 
Categorized for Color 


Typical Applications 

e¢ Military Avionics 

¢ Communications Systems 
¢ Radar Systems 

¢ Fire Control Systems 


(AD packano 





HCMS-201X/201XTXV/ 
201XTXVB Series 
HCMS-231X/231XTXV/ 
231XTXVB 


Sunlight Viewable 
Series HCMS-235xX/ 
235XTXV/235XTXVB 
Series 


7) 
> 
< 
ond 
a. 
Q 
Qa 
2 
= - 
cc 
uu 
= 





ptio 
The HCMS-201X, HCMS-231X 
and the sunlight viewable 
HCMS-235X series are 5x7 LED 
four character displays con- 
tained in 12 pin dual-in-line 
packages designed for display- 
ing alphanumeric information. 
The character height for the 
HCMS-201X series displays is 
3.8mm (0.15 inch), and for the 
HCMS-231X and HCMS-235X 
series displays the character 
height is 5.0mm (0.20 inch). The 
HCMS-201X series displays are 
available in four LED colors: 
standard red, high efficiency 
red, yellow and high perform- 
ance green. The HCMS-231X 
series are available in all five 
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LED colors. The HCMS-235X Compatibility with 
HDSP-201X/-231X/-235X 
TTL IC Series Displays 
The HCMS-201X, HCMS-231X 
and HCMS-235X CMOS IC dis- 
plays are “drop-in” replacements 
for the equivalent HDSP-201X, 
HDSP-231X and HDSP-235X 
TTLIC displays. The 12 pin 
glass/ceramic package configur- 
ation, four digit character 
matrix and pin functions are 
identical. 


circuits for use in applications 
series displays are available in where conservation of power is 
four LED colors: high efficiency | important. The two CMOS ICs 
red, orange, yellow and high per- form an on-board 28-bit serial- 
formance green. The HCMS- | in-parallel-out shift register 
201X series displays are end with constant current output 
stackable. The HCMS-231X and LED row drivers. Decoded 
HCMS-235X series displays are —_ column data is clocked into the 
end/row stackable. on-board shift register for each 
7 refresh cycle. Full character 
These displays are designed display is achieved with ex- 
with on-board CMOS integrated — ternal column strobing. 


Display Selection Table 





Dawes RI... no 
2 Qi iN “Umiocr 


HCMS-2010/2010TXV/2010TXVB 
~ HCMS-2011/2011TXV/2011TXVB 

~HCMS-2012/2012TXV/2012TXVB 
HCMS-2013/2013TXV/2013TXVB 


HCMS-2310/2310TXV/2310TXVB 
HCMS-2311/2311TXV/2311TXVB 
HCMS-2312/2312TXV/2312TXVB 
HCMS-2313/2313TXV/2313TXVB 
HCMS-2314/2314TXV/2314TXVB 


Sunlight Viewable Displays 


HCMS-2351/2351TXV/2351TXVB 
HCMS-2352/2352TXV/2352TXVB 
HCMS-2353/2353TXV/2353TXVB 
HCMS-2354/2354TXV/2354TXVB 


Char au ter Size 


3.8 mm (0.15 inch) 
3.8 mm (0.15 inch) 
3.8 mm (0.15 inch) 
3.8 mm (0.15 inch) 


5.0 mm (0.20 inch) 
5.0 mm (0.20 inch) 
5.0 mm (0.20 inch) 
5.0 mm (0.20 inch) 
5.0 mm (0.20 inch) 


5.0 mm (0.20 inch) 
5.0 mm (0.20 inch) 
5.0 mm (0.20 inch) 
5.0 mm (0.20 inch) 


LED Coior 
Standard Red 
Yellow 
High-Efficiency Red 
High-Performance Green 


Standard Red 

Yellow 

High-Efficiency Red 
High-Performance Green 
Orange 


Yellow 

High-Efficiency Red 
High-Performance Green 
Orange 





Note: 
Basic part numbers (ie. HCMS-2351) are without hi-rel screening. Part. numbers with TXV or TXVB suffix (ie. HCMS-2351TXV) 
are with hi-rel screening per MIL-D-87157, Quality Level A. 
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Package Dimensions 





17.7 
(0.699) 
MAX. bes 
2.11 ia REF. 
(0.083) °F —*| |x SEE NOTE 3 a 
| | | PIN | FUNCTION | PIN ] FUNCTION 













COLUMN 1 DATA OUT 


















SEE NOTE 3 COLUMN 2 VB 
7.87 7.25 COLUMN 3 Vop 
(0.310) (0.290) COLUMN 4 CLOCK 
COLUMN 5 GROUND 


INT. CONNECT* 


gee | * DO NOT CONNECT OR USE 
4.44+0.13 
PIN 1 MARKED BY DOT (0.175+0.005) 


DATA IN 





ON BACK OF PACKAGE S 
nll 
a. 
2) 
f=) 
5.08 ro) 
(0.200) 2.54 & 

(0.100) 
6.85 a 
| (0.270) ul 

SEATING 
PLANE R 
— pitty cma ina 
1.27 _ 2.54+0.13 ‘ TYP : 7.62 
(0.050) (0.100+0.005) ; (0.300) 
0.54+0.08 TYP. 
(0.020+0.003) NON ACCUM. 


HCMS-201X Series 


20.01 1.78 


MAX. ———— 


(0.790) COLOR BIN (0.070) PARTNUMBER 
eae aee 12 

3 (0.050) 

1211 101918 7 | 

| SEE NOTE 3 | (0.095) 


cj co cafesaleo £3 
8.43 
(al Hcms-23xx  . &| 
2.79+ 0.13 


(0.332) : x 
1 el fe) 
(0.110+0.005) 


5 6 
& inal pendaapee LUMINOUS INTENSITY on (0.140) 
ON BACK OF PACKAGE —4.2740,13 (0.197+0.005) 


PIN 1 MARKED BY DOT 
CATEGORY 
(0.050+0.005) | PIN | FUNCTION {| PIN | FUNCTION | 
1 

















DATE CODE 

















































5.08 { COLUMN 1 7 | DATAOUT 
5.08 COLUMN 2 $V 
~ | COLUMN 3 9 | Voo 
1, 6.85 COLUMN 4 10 | CLOCK 
| ars 0.2540.08 typ COLUMNS jj 11 | GROUND 
(0.010+0.003) INT.CONNECT*| 12 | DATAIN 


2.54 


hed 
(0.100) | | —P 
2.54+0.13 | 2. UNLESS OTHERWISE SPECIFIED THE 


(0.100+0.005) TYP. 0.54+0.08 path) TOLERANCE ON ALL DIMENSIONS 1S 
NON ACCUM. (0.020+0.003) (0-25050.010) £0.38mm(+0.015). 
3. CHARACTERS ARE CENTERED WITH 
RESPECT TO LEADS WITHIN +0.13mm (+0.005”). 
4. LEAD MATERIAL IS COPPER ALLOY, 
SOLDER DIPPED. 


NOTES: 1. DIMENSIONS IN MILLIMETRES (INCHES) 


| 1 
foe) TYP. | ‘ : | * DO NOT CONNECT OR USE 


HCMS-231X/-235X Series 
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Absolute Maximum Ratings 


Supply Voltage V,, to Ground ..........cesceseeseeseeneeeeenes —0.3 V to 7.0 V 
Data Input, Data Output, Vo... cscsecessesteeteceeeteeeeeenees —0.3 V to V,, 
Column Input Voltage, Vio, ..s:<sssssnsscesersecseveonsseesneescosesas —0.3 V to V,, 
Free Air Operating Temperature Range, T, .............. —55°C to +100°C 
Storage Temperature Range, Ty ..........::ccscesseereeseenes —65°C to +125°C 
HCMS-2310/-2311/-2312/-2314 
HCMS-2351/-2352/-2354 _ 
Storage Temperature Range, T, ...........:cccsseeseeseeees —55°C to +100°C 
HCMS-2010/-2011/-2012/-2013 
HCMS-2313 | 
HCMS-2353 
Maximum Allowable Package Power Dissipation, P,,!”! 
HCMS-2010/-2011/-2012/-2013 at T, = 83°C .......... ccs 0.79 Watts 
HCMS-2310/-2311/-2312/-2313/-2314 at T, = 88°C........... 0.92 Watts 
HCMS-235 1/-2352/-2353/-2354 at T, = 71°C wees 1.31 Watts 
Maximum Solder Temnerature 
1.59 mm (0.063") Below Seating Plane, t < 5 See wu... cccceeees .260°C 
ESD Protection @ 1.5kQ, LOOpf ou... eee cece eee V,= 4 kV (each pin) 
Notes: 


1. Maximum allowable power dissipation is derived from V,,, = 5.25 V, V, = 2.4 V, 
Voot = 3-5 V, 20 LEDs ON per character, 20% DF. 

2. The power dissipation for these displays should be derated as follows: 
HCMS-201X series derate above 83°C at 17 mW/°C, RO, , = 60°C/W 
HCMS-231X series derate above 88°C at 22 mW/°C, RO, , = 45°C/W 
HCMS-325X series derate above 71°C at 23 mW/°C, R6, , = 45°C/W. 

Deratings based on R6,,, = 35°C/W per display for printed circuit board assembly. 

See Figure 1 for power derating based on lower R@, , values. 


Recommended Operating Conditions 
Over Operating Temperature Range (-55°C to +100°C) 


Parameter 


Supply Voltage 

Data Out Current, Low State 
Data Out Current, High State 
Column Input Voltage 


Setup Time 

Hold Time 

Clock Pulse Width High 
Clock Pulse Width Low ere 
Clock High to Low Transition 


. THL 
Clock Frequency ae 


H(CLOCK) 
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Electrical Characteristics 
Over Operating Temperature Range (-55°C to +100°C) 


Parameter bol | Test Conditions 
Supply Current, Dynamic"! i futock = 5 MHz 


Supply Current, Static?! = 0.4 V 
DDSon 


=2.4V 


V, = 0. 

V,= 2. 
Column Input Current Vz = 0.4 V 

V., = 2. 


S 
= 
a 
i. 


E 


a 
bmi = 
es) 
i) 


op) 
bo 


br Whi n 
WwW di GC 


—) 


Nn 
bo 0O 


310 384 
360 451 
650 


HCMS-2010/-2011/-2012/-2013 I 
HCMS-2310/-2311/-2312/-2313/-2314 
HCMS-2351/-2352/-2353/-2354 


Input Logic High 
Data, V,, Clock 


Input Logic Low Vi 
Data, V,,, Clock 





Input Current 
Data, Clock 
V. 


B 


Data Out Voltage 


” 
| 
a 
Q 
a 
4 
to 
rs 
la 
= 


0<V,< 5.25 V 
0<V,< 5.25 V 





<j 


OH 


on 
bo S 
+ 
oO ee 
' aad oO 


_— 
| |e 
OU 
a 
pend 
© 
oo 
© 
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ce) 
co) 


Power Dissipation Per Package®! 
HCMS-2010/-201 1/-2012/-2013 
HCMS-2310/-2311/-2312/-2313/-2314 
HCMS-2351/-2352/-2353/-2354 


Veo 
17.5% DF 
Vz = 2.4 V 
15 LEDs ON 
per Character 


414. 
481 
668 








Thermal Resistance 

IC Junction-to-Pin"™! 
HCMS-2010/-2011/-2012/-2013 
HCMS-2310/-2311/-2312/-2313/-2314 
HCMS-2351/-2352/-2353/-2354 


Leak Rate 


*All typical values specified at V,, = 5.0V and T, = 25°C. 






RO 25 


10 






J-PIN 


ocyW 






NS pos e 
i ns) © 
bo 


Notes: 
1. I,, Dynamic is the IC current while clocking column data through the on-board shift register at a clock frequency of 5MHz, 
the display is not illuminated. 

2. Ip Static is the IC current after column data is loaded and not being clocked through the on-board shift register. 

3. Four characters are illuminated with a typical ASCII character composed of 15 dots per character. 
4 


. IC junction temperature T (IC) = (P,,R@ +RO,,,)+T, 


J-PIN PC-A 
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Optical Characteristics at T, = 25°C 
Standard Red HCMS-2010/-2310 


=5.0V 
=3.5V 


Peak Luminous V 


DD 
Intensity per HCMS-2010 Veer: 


LED®.9 HCMS-2310 V3 =2.4V 


(Character Average) T, = 25°C 


Dominant Wavelength"! 
Peak Wavelength 


Yellow HCMS-2011/-2311/-2351 





Description 
Peak Luminous 
Intensity ner HCMS-2011 
LED©®:9! HCMS-2311 
(Character HCMS-2351 
Average) 


Dominant Wavelength!®®! 





High Efficiency Red HCMS-2012/-2312/-2352 


Peak Luminous 






Test Condition 
V...=5.0V 


DD 



































Intensity per HCMS-2012 Voo, = 3-5 V 
LED! HCMS-2312 V,=2.4V 
(Character HCMS-2352 T, = 25°C! 






400 1430 
650 1430 ucd 
1920 2850 

ee 


High Performance Green HCMS-2013/-2313/-2353 | 













(Character HCMS-2353 


Peak Luminous 
850 1550 
1280 | 2410 ucd 
2400 3000 

Average) 


Intensity per HCMS-2013 


LED®9! HCMS-2313 
Peak Wavelength ee 568 nm 
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Orange HCMS-2314/-2354 


Peak Luminous Vop = 9-0 V 


Intensity per Vooi= 3-5 V 


LED®9! HCMS-2314 V, = 2.4 V 650 


(Character HCMS-2354 T,= 25°C] 1920 2850 
Average) 


All typical values specified at V,,, = 5.0 V and T, = 25°C unless otherwise noted. 


Notes: 
5. These LED displays are categorized for luminous intensity, with the intensity category designated by a letter code on the 
back of the package. 
6. The HCMS-2011/-2311/-2351 and HCMS-2013/-2313/-2353 are categorized for color with the color category designated by a 
number on the back of the package. 
7. Ti refers to the initial case temperature of the display immediately prior to the light measurement. 
8. Dominant wavelength, 4, is derived from the CIE Chromaticity Diagram, and represents the single wavelength which 
defines the color of the device. 
9. The luminous sterance of the individual LED pixels may be calculated using the following equations: 
L (cd/m? )=1 (Candela)*DF/A(Metre), 
L (Footlamberts) = = mi (Candela)*DF/A(Foot)” 
Where: A = LED pixel area = 5.3 x 10°M? or 5.8 x 10°7ft? 
DF = LED on-time duty factor 


Switching Characteristics, T, = -55°C to +100°C 
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0.5 + HCMS-201X SERIES 


R@ ja = 60°C/W 








POWER DISSIPATION-WATTS 





0 20 40 60 80 100 120 


Ta ~AMBIENT TEMPERATURE - °C 


Figure 1. Maximum Allowable 
Power Dissipation vs Ambient Tem- 
perature as a Function of Thermal 
Resistance Junction-to-Ambient, 
R60, _,- Derated Operation Assumes 
R854 = 35°C/W per Display for 
Printed Circuit Board. 
Hl aay MAX = 130°C. 
a (Lg = 100°C) 

= A. °C/W for HCMS-235X Series 

= 32°C/W for HCMS-231X Series 

= 38°C/W for HCMS-201X Series 


Electrical Description 
Each display device contains 
four 5x7 LED dot matrix 
characters and two CMOS 
integrated circuits, as shown in 
Figure 4. The two CMOS inte- 
grated circuits form an on-board 
28 bit serial-in-parallel-out shift 
register that will accept stand- 
ard TTL logic levels. The Data 
Input, pin 12, is connected to bit 
position 1 and the Data Output, 
pin 7, is connected to bit posi- 
tion 28. The shift register out- 
puts control constant current 
sinking LED row drivers. The 
nominal current sink per LED 
driver is 11mA for the HCMS- 
201X displays, 13mA for the 
HCMS-231X displays and 18mA 
for the HCMS-235X displays. A 
logic 1 stored in the shift regis- 
ter enables the corresponding 
LED row driver and a logic 0 
stored in the shift register dis- 
ables the corresponding LED 
row driver. 


The electrical configuration of 
these CMOS IC alphanumeric 
displays allows for an effective 


. -—} —F + 4 4+ _. ee} HH 


RELATIVE LUMINOUS INTENSITY 





0.1 
-60| -40 -20 0 20] 40 60 80 100 
-55 25 


Ta - AMBIENT TEMPERATURE — °C 
Figure 2. Relative Luminous 


Intensity vs Display Pin 
Temperature 


interface to a display controller 
circuit that supplies decoded 
character information. The row 
data for a given column (one 7 
bit byte per character) is loaded 
(bit serial) into the on-board 28 
bit shift register with high to 
low transitions of the Clock 
input. To load decoded charac- 
ter information into the display, 
column data for character 4 is 
loaded first and the column data 
for character 1 is loaded last in 
the following manner. The 7 
data bits for column 1, character 
4, are loaded into the on-board 
shift register. Next, the 7 data 
bits for column 1, character 3, 
are loaded into the shift regis- 
ter, shifting the character 4 
data over one character posi- 
tion. This process is repeated 
for the other two characters 
until all 28 bits of column data 
(four 7 bit bytes of character 
column data) are loaded into the 
on-board shift register. Then 
the column 1 input, V,,, pin 1, 
is energized to illuminate 
column 1 in all four characters. 
This process is repeated for 
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| HCMS-235X SERIES 


HCMS-231X SERIES 


Ta = 25°C 


Vpp = 5.0 V 


es a oe 
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HCMS-201X va | 
| (28 Le LED PIXELS 
— ILLUMINATED) 


3 4 5 6 











Ico. - PEAK COLUMN CURRENT - mA 














Veo. - COLUMN VOLTAGE -V 


Figure 3. Peak Column Current vs 
Column Voltage 


columns 2, 3, 4 and 5. All Vo, 
inputs should be at logic low to 
insure the display is off when 
loading data. The display will 
be blanked when the blanking 
input V,, pin 8, is at logic low 
regardless of the outputs of the 
shift register or whether one of 
the V,,,, inputs is energized. 
Refer to Application Note 1016 
for drive circuit information. 


ESD Susceptibility 

The HCMS-201X/-231X/-235X 
series displays have an ESD 
susceptibility ratings of CLASS 
3 per DOD-STD-1686 and 
CLASS B per MIL-STD-883C. 
It is reeommended that normal 
CMOS handling precautions be 
observed with these devices. 


Soldering and Post 
Solder Cleaning 

These displays may be soldered 
with a standard wave solder 
process using either an RMA 
flux and solvent cleaning or an 
OA flux and aqueous cleaning. 


COLUMN DRIVE INPUTS 
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Figure 4. Block Diagram of an HCMS-2XXX Series LED Alphanumeric Display. 


For optimum soldering, the 
solder wave temperature should 
be 245°C and the dwell time for 
any display lead passing 
through the wave should be 1 1/2 
to 2 seconds. The recommended 
solvent for post solder cleaning 
is Genesolv DES, manufactured 
by Allied Chemical. For 
aqueous cleaning, a water 
temperature of 60°C (140°F) 
with an immersion time not 
exceeding 15 minutes is recom- 
mended. For more detailed 
information, refer to Application 
Note 1027 Soldering LE 
Components. 7 


Contrast Enhancement 
When used with the proper con- 
trast enhancement filters, the 
HCMS-235X series displays are 
readable in sunlight and the 
HCMS-201X/231X series dis- 


plays are readable in daylight 
ambients. Refer to Application 
Note 1029 Luminous Contrast 
and Sunlight Readability of the 
HDSP-238X Series Alphanu- 
meric Displays for Military 
Applications for information on 
contrast enhancement for sun- 
light and daylight ambients. 
Refer to Application Note 1015 
Contrast Enhancement Tech- 
niques for LED Displays for 
information on contrast 
enhancement in moderate 
ambients. 


Night Vision Lighting | 
When used with the proper 
NVG/DV filters, the HCMS- 
2311/-2351 and HCMS-2133/- 
2353 displays may be used in 
night vision lighting applica- 
tions. The HCMS-2311/-2351 
(yellow) displays are used as 
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master caution and warning 
indicators. The HCMS-2313/- 
2353 (high performance green) 
displays are used for general 
instrumentation. For a list of 
NVG/DV filters and a discussion 


_ on night vision lighting technol- 


ogy, refer to Application Note 
1030 LED Displays and Indica- 
tors and Night Vision Imaging 
System Lighting. Z 


Controller Circuits, 
Power Calculations and 
Display Dimming : 
Refer to Application Note 1016 
Using the HDSP-2000 > 
Alphanumeric Display Family 
for information on controller 
circuits to drive these displays, 
how to do power calculations 
and a technique for display 
dimming. 





Table I. Quality Level A of MIL-D-87157 -— 100% Screening 


MIL-STD-750 
Test Screen Method Conditions 


1.Precap Visual | 2072 Interpreted by HP Procedure 5956-7512-52 
2. High Temperature Storage 1032 T, = 125°C, Time = 24 hours"! 


4. Constant Acceleration 2006 
5 Fine Leak ior 
6. Gross Leak i071 


7. Interim Electrical/ Ip (at V, = 0.4 V and 2.4 V), 1,,, (at V, = 0.4 V 
Optical Tests! and 2.4 V) 

L(V,» Clock and Data In), I, (V,, Clock and Data 

In), Toi Ip, and ype ax: Vy, and V,, inputs are 

guaranteed by the electronic shift register test. 

; T, = 25°C 

8. Burn-In""! 1015 Condition B at V,,, = V, = 5.25 V, V,o, = 3.5 V, 

T, = +100°C 

LED ON-Time Duty Factor = 5%, 35 Dots On; 

t = 160 hours 

Same as step 7 

Alp = +6 mA, AI,,, (clock) = +10 pA, 

AI,,, (Data In) = +10 pA 


Al,y, = +10% of initial value, and 
Al, = -20%, T, = 25°C 













COL 


9. Final Electrical Test!?! 


10. Delta Determinations 


11. External Visual!! 





Notes: 

1. MIL-STD-883 Test Method applies. 

2. Limits and conditions are per the electrical/optical characteristics. The I,,, and I,, tests are the inverse of V,,, and V,, 
specified in the electrical characteristics. 

3. T, = +100°C for HCMS-2013/-2313/-2353. 

4. Fluid temperature = +100°C for HCMS-2013/-2313/-2353. 


Table IL. Group A Electrical Tests - MIL-D-87157 


Subgroup 1 
DC Electrical Tests at 25°C! Ip (at V, = 0.4 V and 2.4 V), I,,, (at V, = 0.4 V and 2.4 V) 
1, (Vg, Clock and Data In), I,, (V,, Clock and Data In), 
on 19, Visual Function and I,,.4,- Vj, and V,, inputs are 
guaranteed by the electronic shift register test. os 


Subgroup 2 | 
DC Electrical Tests at High Same as Subgroup 1 except delete I, and visual 
Temperature!!! — function, T, = +100°C 


Subgroup 3 


DC Electrical Tests at Low Same as Subgroup 1 except delete I, and visual 
Temperature!) function, T, = -55°C 


Subgroup 4, 5, and 6 not | 
tested 


Subgroup 7 . 
Optical and Functional Tests Satisfied by Subgroup 1 
at 25°C 


Subgroup 8 | 
External Visual MIL-STD-883, Method 2009 
Notes: 


1. Limits and conditions are per the electrical/optical characteristics. The I,,, and I,, tests are the inverse of V,,, and V,, 
specified in the electrical characteristics. 
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Table IIIa. Group B, Class A and B of MIL-D-87157 



















MIL-STD-750 
Subgroup Test Method 


1022 

0 Failures 
Internal Visual and Design 2075171 1 Device/ 
Verification™! 0 Failures 
Subgroup 2!2:51 oo 
Solderability 2026 T, = 245°C for 5 seconds LTPD = 15 
Subgroup 3 
Thermal Shock (Temp. Cycle) 1051 Condition B1, 15 minute dwell LTPD = 15 


Gross Leak 1071 Condition C or K!®! Ee 


Electrical/Optical Endpoints! | Ipp ( at V, = 0.4 V and 2.4 V), I,,, (at 
COL 


V, = 0.4 V and 2.4 V), I, (V,, Clock and 
Subgroup 4 
Operating Life Test (340 hrs.) 1027 

Factor = 5%, 35 Dots On 


Data In), I,, (V,, Clock and Data In), 
Electrical/Optical Endpoints‘! fF Same as Subgroup 3 al 


Io 1p, Visual Function and I 
Subgroup 5 
1032 T, = +125°C(4l LTPD = 10 


Non-Operating Storage Life 
Notes: 


Test (340 hrs.) 
Electrical/Optical Endpoints!®! 
. Visual inspection is performed through the display window. 
. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 
. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number 
of leads required. 
. Initial conditioning is a 15° inward bend for one cycle. 
. Limits and conditions are per the electrical/optical characteristics. The I,,, and I,, tests are the inverse of V,,, and V,, 
specified in the electrical characteristics. 
T, = 100°C for HCMS-2013/-2313/-2353. 
Equivalent to MIL-STD-883, Method 2014. 
. Fluid temperature = +100°C for HCMS-2013/-2313/-2353. 





Conditions 













Subgroup 1 
Resistance to Solvents 






4. Devices/ 














OH? VPEAK* 









T, = +100°C at V,,,, = V, = 5.25 V, 
Vag = 3-5 V, LED ON-Time Duty 







LTPD = 10 
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Table IVa. Group C, Class A and B of MIL-D-87157 ta” eee ae | 
MIL-STD-750 | Sample 
Subgroup Test Method Conditions Size 
Subgroup 1 | 
Physical Dimensions 2 Devices/ 
| 0 Failures 
2004 Condition B2 | 





Subgroup 2!) 


Lead Integrity!”*! 
Fine Leak 

















Gross Leak 1071 -| Condition C or K!% | 
Subgroup 3 . 
Shock 2016 1500G. Time = 0.5 ms, 5 blows in - LTPD = 15 
each orientation X,, Y,, Z, | | 
Vibration Variable Frequency | 2086 | 
Constant Acceleration 2006. - 10,000G at Y, orientation 
THM cate ca VIA ne) Tin Jkt ele TT fet WL NAW RRAD AUNT fat VW NAW 
AVICULLIVAaL Vpue i 7 1UpVUL itp Ata "fake ¥ i \avu Vv — VU.*t VY ALIU 4.t Y Jy i O \av Vv —vV. Y 
and 2.4 V), I.,, (V,,, Clock and Data In), 
1 (Vg, Clock and Data In), I,,,, 15,, Visual 
| Function and I... ,,- V},, and V,, inputs 


are guaranteed by the electronic shift register 
test. T, = 25°C 





























Salt Atmosphere 1041 | LTPD = 15 
External Visual!4! | 1010 or 1011 : 











Subgroup 5 
Bond Strength!5! 






Condition A | «| LIEPD = 20 
(C = 0) 














Subgroup 6 


Operating Life Test!® T, = +100°C at V,, = V, = 5.25 V, V.9, = 3.5 V 


LED ON-Time Duty Factor = 5%, 35 Dots On 


Same as Subgroup 3 3 









Electrical/Optical Endpoints!®! | le 
Notes: : . 
1, Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. | | 
2.The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number 
of leads required. oe . 
. Solderability samples shall not be used. 
. Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 
. Displays may be selected prior to seal. : eer 
. If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements the 340 
hour life tests may be continued on test to 1000 hours in order to satisfy the Group C life test requirements. In such cases 
either the 340 hour endpoint measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint 
measurement shall be used as the basis for both Group B and Group C acceptance. 
7. MIL-STD-883 test method applies. 
8. Limits and conditions are per the electrical/optical characteristics. The I,,, and I,, tests are the inverse of V,,, and V,, 
specified in the electrical specifications. 
9. Initial conditioning is a 15° inward bend for three cycles. 
10. Fluid temperature = +100°C for HCMS-2013/-2313/-2353. 
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JAN QUALIFIED, HERMETIC, NUMERIC 
AND HEXADECIMAL DISPLAYS FOR 
MILITARY APPLICATIONS 


4N51 / 4N51TXV / M87157/00101AAX 
4N52 / 4N52TXV / M87157/00102AAX 
4N53 / 4N53T XV / M87157/00103AAX 
4N54 / 4N54TXV / M87157/00104AAX 





Kip HEWLETT 


PACKARD 





Features 

e MILITARY QUALIFIED LISTED ON MIL-D-87157 
QPL 

e TRUE HERMETIC PACKAGE 

e TXV VERSION AVAILABLE ~ 

e THREE CHARACTER OPTIONS 
Numeric, Hexadecimal, Over Range 

e 4x 7 DOT MATRIX CHARACTER 


e PERFORMANCE GUARANTEED OVER 
TEMPERATURE 





2) 
¢ HIGH TEMPERATURE STABILIZED : 
e SOLDER DIPPED LEADS ra 

ul 
e MEMORY LATCH/DECODER/DRIVER < 

. o 
TTL Compatible part numbers are defined as follows: “A” signifies MIL-D- = 
e CATEGORIZED FOR LUMINOUS INTENSITY 87157 Quality Level A. “A” signifies solder dipped leads, a 
. . , “X” signifies the luminous intensity category. 
Description The 4N51 numeric display decodes positive 8421 BCD 
logic inputs into characters 0-9, a “—” sign, a test 


These standard red solid state displays have a 74mm 
(0.29inch) dot matrix character and an on-board IC with 


data memory latch/decoder and LED drivers in a glass/ 
ceramic package. These devices utilize a solder glass frit The 4N52 is the same as the 4N51 except that the decimal 


seal and conform to the hermeticity requirements of MIL- point is located on the left-hand side of the digit. 

D-87157, the general specification for LED displays. These The 4N54 hexadecimal display decodes positive 8421 
4N5X series displays are designed for use in military and logic inputs into 16 states, 0-9 and A-F. !n place of the 
aerospace applications. decimal point an input is provided for blankirig the display 


These military qualified displays are designated as M87157/ (all LED's off), without losing the contents of the memory. 
00101 AAX through -/00104AAX in the MIL-D-87157 Qualified The 4N53 is a “+1.” overrange display, including a right- 
Parts List (QPL). The letter designations at the end of the hand decimal point. 


pattern, and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point. 


Package Dimensions* 





FUNCTION 























































































-- 10.2 MAX 10.2 MAX. 10.2 MAX. 
=— (0400) —>| 4N51 (0.400) > 4N52 x “(oa0) > 4N54 4N51 4N54 
PIN 4N52 HEXA- 
NUMERIC DECIMAL 
SSS ama: Sih 
1 Input 2 input 2 
2 Input 4 Input 4 
3 input8 =| —s Input 8 
4 Decimal Blanking 
point control 
5 Latch Latch 
i enable enable 
aio ea 6 Ground Ground 
~ 7 Vv 
SIDE VIEW Be END VIEW —C 
0-10° 8 Input 1 
ESD A 
IDENTIFIER 3.8 15 
seating __| 15) (.06) vere 
| LOMINOUS PLANE 3.4 1. Dimensions in millimetres and (inches). 
CATEGORY 15.2 Brats (.135), 2. Unless otherwise specified, the tolerance 
10.2 (.600) on all dimensions is +.38mm (+.015”) 
oe { 3. Digit center line is +.25mm (+.01") 
COUNTRY oe tio solar i from package center line. 
CODE - tae \ Ae ena hes Es tans aa 4. Solder dipped leads. 
Ln 28 | =a : 25 +0 13 TYP aires: 5. See over range package drawing for 
4 3 2 1 : a Pe i aaa A) a (10 +.005) : HP standard marking. 
MIL-STD-MARKING !9) (17) 


*JEDEC Registered Data. 
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Absolute Maximum Ratings* 
| | Description _ | | symbot _| 


Operating temperature, ambient 1”) 
Voc 


Maximum solder temperature at 1.59mm (.062 inch) 
below seating plane; t < 5 seconds 


Recommended Operating Conditions’ 


| Description Symbol 
| SupplyVoltage ee 
| Operating temperature, ambient") | Ta 
| Enable Pulse Width tw 


| i Vec 
Ta 
tw 
Time data must be held before positive transition t 
of enable line ald 
Time data must be held after positive transition t 
f enable line cae 


Oo 
| met -~ = ae ao 
c TTLH 















4125 
+100 
+7.0 


° 


alee 










Min 
Leos 
aed 
05 
05 


Vee 
Vee 




















JV 
°C 
nsec 
| nsec 
nsec 


Electr ical/ Optical Char acteristics (Ta = —55°C to +100°C, unless otherwise spacified) 
|____Description | Symbol| Test Conditions 





nabdie puise rise time 











_ 


Typ 





Supply Current | _Iec__| Veg = 5.5 V (Characters 112 170 | maA_| 
eed 935 






pcd 


Logic low-level input voltage Vin | | 
Logic high-level input voltage | Vin | 


Luminous intensity per LED oe —9 0 

(Digit average) | [aes Vec=5.0V, Ta=25°C 40 

Enable low-voltage; data being 
| entered 


Enable high-voltage; data not 
being entered | 


Blanking low-voltage; display 
not blanked “ 


Blanking high-voltage; display i Age 
pte 
| ton _| 
le ites 2) 
pte 


V 
V 
V 
V 
V 
V 


oO 


: No mM 
on ro) ron) 





blanked (7) 


Blanking low-level input current “” 
Blanking high-level input current " 
Logic low-level input current 


Vec=5.5V, Vga_=0.8V 


Vecc=5.5V, VpH=4.5V 


Vcc=5.5V, Vir=0.4V 


| 
mA 


ia 
= | | | 
ah) <[<]<) «|e 


+10 


Logic high-level input current 


: 


Power dissipation ” or 
| 
I 







[Enable low-level input current | In| Vec=5.V, Vai=0.4V_ 

Enable high-level input current | pA 

| nm | 

| nm 

Weight ** ii Pera | gm | 
re a 


+13 


cc 
T 
ly 
IL 
1H 
EL 
EH 
BL 
BH 
BL 
IL 
EL 
EH 


Vec=5 5V, Vin=2.4V 


o 


5 


— Oo 
© 
| 
o_o, 
o};o® 


mA 
pA 
mA 
BA 
Leak Rate 5x10 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: @;,4=50° C/W; 
@c=15°C/W. 2. Oca of amounted display should not exceed 35° C/W for operation up to Ta=+100°C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, Ta=25°C. 5. These displays are categorized for luminous intensity with the in- 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, ly(Ta), may be calculated from this relationship: |y(T4)=Ivs° c (.985) [Ta-25°C] 
7. Applies only to 4N54. 8. The dominant wavelength, Aq, is derived from the CIE chromaticity diagram and represents the single wave- 
length which defines the color of the device. . 





*JEDEC Registered Data. **Non Registered Data. 
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TRUTH TABLE 


4N51 AND 4N52 
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Figure 1. Timing Diagram of 4N51-4N54 
Series Logic. 
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BLANKING!) an ae LED 
— xX 
CONTROL DRIVER MATRIX 
Notes: 
GROUND 6—_ 1. H = Logic High; L = Logic Low. With the enable input at logic high 
= changes in BCD input logic levels or D.P. input have no effect upon 
display memory, displayed character, or D.P. 
2. The decimal point input, DP, pertains only to the 4N51 and 4N52 
Figure 2. Block Diagram of 4N51-4N54 displays. 
Series Logic. 3. The blanking control input, B, pertains only to the 4N54 hexadecimal 
display. Blanking input has no effect upon display memory. 
< < 
a E 
‘ : 
a 2 
b 3 a 
2 oc wc 
WW i 5 
c (s) rz) 
5 5 us 
az) z i 
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a 1 7 
-55 -40 -20 0 20 40 60 980 100 
Vg — BLANKING VOLTAGE — V T, — AMBIENT TEMPERATURE — °C V_ — LATCH ENABLE VOLTAGE — V 
Figure 3. Typical Blanking Control Figure 4. Typical Blanking Control Figure 5. Typical Latch Enable Input 
Current vs. Voltage for 4N54. Input Current vs. Ambient Current vs. Voltage. 
. Temperature for 4N54. 


*JEDEC Registered Data. 
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zeae 
EGR 





ln — LOGIC CURRENT — mA 
le, — ENABLE LOW INPUT CURRENT 


iy, — LOGIC LOW INPUT CURRENT — mA 





| 0 
oo Os 1.0 2.0 3.0 4.0. 5.0 -~55 -40. -20. 0 
T, — AMBIENT TEMPERATURE — °C 


~ Vy — LOGIC VOLTAGE — V 


Figure 6. Typical Logic and Decimal 
Point Input Current vs. 
Voltage. 


Operational Considerations 


ELECTRICAL 


The 4N51-4N54 series devices use a modified 4 x 7 dot 
matrix of light emitting diodes (LED’s) to display 
decimal/hexadecimal numeric information. The LED’s are 
driven by constant current drivers. BCD information is 
accepted by the display memory when the enable line is at 


logic tow and the data is latched when the enable is at. 


logic high. To avoid the latching of erroneous information, 
the enable pulse rise time should not exceed 200 
nanoseconds. Using the enable pulse width and data 
setup and hold. times listed in the Recommended 
Operating Conditions allows data to be clocked into an 
array of displays at a 6.7MHz rate. 


The blanking control input on the 4N54 display blanks 
(turns off) the displayed hexadecimal information without 
disturbing the contents of display memory. The display 
is blanked at a minimum threshold level of 3.5 volts. This 
may be easily achieved by using anopencollector TTL gate 
and a pull-up resistor. For example, (1/6) 7416 hexinverter 
buffer/driver and a 120 ohm pull-up resistor will provide 
sufficient drive to blank eight displays. The size of the 
blanking pull-up resistor may be calculated from the 
following formula, where N is the number of digits: _ 


Roiank = (Vcc — 3.5V)/[N (1.0mA)] 


The decimal point input is active low true and this data is © 


latched into the display memory in the same fashion as 
the BCD data. The decimal point LED is driven by the on- 
board IC. 


The ESD susceptibility of the IC devices is Class A of 
MIL-STD-883 or Class 2 of DOD-STD-1686 and DOD- 
HDBK-263. 


MECHANICAL 


4N51-4N54 series displays are hermetically tested for use 
in environments which require a high reliability device. 
These displays are designed and tested to meet a helium 


*JEDEC Registered Data. 
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Figure 7. Typical Logic and Enable 
Low Input Current vs. 
Ambient Temperature. 
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Figure 8. Typical Logic and Enable 
High Input Current vs. 
Ambient Temperature. 


leak rate of 5 x 10-8 CC/SEC and a fluorocarbon gross 
leak bubble test. 


These displays may be mounted by soldering directly toa 
printed circuit board or inserted into a socket. The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600.inch). These displays may 
be end stacked with 2.54mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 


The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100°C, it is important to 
maintain a case-to-ambient thermal resistance of less 
than 35° C/watt as measured on top of display pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. | 


PRECONDITIONING 


4N51-4N54 series displays are 100% preconditioned by 24 
hour storage at 125°C. | 


CONTRAST ENHANCEMENT 


The 4N51-4N54 displays have been designedto providethe 
maximum posible ON/OFF contrast when placed behind 
an appropriate contrast enhancement filter. Some 


. Suggested filters are Panelgraphic Ruby Red 60 and Dark 


Red 63, SGL Homalite H100-1605,.3M Light Control Film 
and Polaroid HRCP Red Circular Polarizing Filter. For 
further information see Hewlett-Packard Application Note 
1015. 
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Solid State Over Range Display 


For display applications requiring a +, 1, or decimal point designation, the 4N53 over range display is available. This 
display module comes in the same package as the 4N51-4N54 series numeric display and is completely compatible with it. 


Package Dimensions * 


0.2 MAX. 


( pies | 4 










SEATING 
PLANE 


0.3 +0.08 TYP. 
(.012 +.003) 






















SEATING (.06) 9 
PLANE a 3.4 < 
\ (.138) Figure 9. Typical Driving Circuit. 2. 
zai : 
Lay 
= 
1.3 - ___0.5 +0.08 TYP. Paod 
(.050) (.020 +.003) TRUTH TAB LE phe 
2.5 +0.13 TYP. 5 
(.10 +.005) 8 

REAR END 


HP STANDARD MARKING 


NOTES: 

1. DIMENSIONS IN MILLIMETRES AND (INCHES). 

2. UNLESS OTHERWISE SPECIFIED, THE TOLERANCE 
ON ALL DIMENSIONS IS + .38 MM (+ .015 INCHES). 





NOTES: L: Line switching transistor in Figure 9 cutoff. 
H: Line switching transistor in Figure 9 saturated. 
X: ‘Don't care’ 





Electrical /Optical Characteristics* 


4N53 (Ta =-55°C to +100°C, Unless Otherwise Specified) 


DESCRIPTION SYMBOL TEST CONDITIONS 
Forward Voitage per LED 


Luminous Intensity per LED (digit average) 


Peak wavelength 
Dominant Wavelength 


Recommended Operating 
Conditions* Absolute Maximum Ratings” 


SYMBOL 










LED supply voltage 


Forward current, each LED 


NOTE: 






LED current must be externally limited. Refer to Figure 9 
for recommended resistor values. 
*“JEDEC Registered Data. **Non Registered Data. 
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High Reliability Testing Winco. > 


Two standard reliability testing programs are available. - a : | 
The military program provides QPL parts that comply to Standard Product min Cai | i a spss: 
MIL-D-87157 Quality Level A, per Tables |, Il, Illa, and IVa. and , Hla and IVa 


A second program is an HP modification to the full PREFERRED PART NUMBER SYSTEM | 







conformance program and offers the 100% screening AN51TXV M87157/00101AAX 
portion of Level A, Table |, and Group A, Table II. In AN52TXV M87157/00102AAX 
addition, a MIL-D-87157 Level B equivalent testing pro- AN54TXV M87157/00104AAX 


gram is available upon request. | 4N53TXV_ | M87157/00103AAX 


100% Screening © 
7 TABLE I. 
7 QUALITY LEVEL A OF MIL-D-87157 


MIL-STD-750 
Test Screen 7 | . Method 


Interpreted by HP Procedure 5956-7572-52 
4. Constant Acceleration 2006 10,000 G’s at Y1 orientation 


7. Interim Electrical/Optical Tests!2! 7 Iv, Icc, IBL, IBH, HEL, IEH, IIL, and IH 
: | Ta = 25°C a 
Condition B at Vcc = 5V and cycle 


through logic at 1 character per second. 
Ta = 100°C, t = 160 hours _ 


9. Final Electrical Testl2! ae Same as Step 7 


10. Delta Determinations Alv = -20%, Alcc =+10mMA, AlH = +10ynA 
_ . and Alen = +13 pA 




























8. Burn-Int?, 3) 1015 














Notes: 
1. MIL-STD-883 Test Method applies. . 

2. Limits and conditions are per the electrical/optical characteristics. 

3. Burn-in for:the over range display shall use Condition.B at a nominal Ir = 8 mA per LED, with all LEDs illuminated for t = 160 hours 


minimum. 
TABLE II | 
GROUP A ELECTRICAL TESTS — MIL-D-87157 


_LTPD 


Subgroup 1 ) 
DC Electrical Tests at 25°C!"! 




















Iv, Ioc, IBt, IBH, TEL, JEH, lit, and liH and 
visual function, Ta = 25°C 


‘Subgroup 2 | 
DC Electrical Tests at High 
Temperature! 1] 


Same as Subgroup 1, except delete Iv and visual 
function. Ta = +100°C 












Subgroup 3 oe 
DC Electrical Tests at Low Same as Subgroup 1, except delete lv and visual 
- Temperaturel1! 7 function. Ta = -55°C 


Subgroup7 | ; : - = «i go 8% 

Optical and Functional Tests at 25°C. Satisfied by Subgroup 1 . | 5 : 
Subgroup 8 | | | 
_ External Visual | | ‘MIL-STD-883, Method 2009 7 

















1. Limits and conditions are per the electrical/optical characteristics. ; 
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TABLE lila 
GROUP B, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Test | Method Sample Size 
Subgroup 1 
Resistance to Solvents 1022 4 Devices/ 
O Failures 
Internal Visual and 207517] 1 Device/ 
Design Verification] O Failures 
Subgroup 2[2,3] 
Solderability 2026 Ta = 245°C for 5 seconds LTPD = 15 


Subgroup 3 
Thermal Shock (Temp. Cycle) 


Moisture Resistancel4] 
Fine Leak 

Gross Leak 
Electrical/Optical Endpoints|5! 
















































Condition B1, 15 Min. Dwell LTPD=15 





10220 fs 
1071 Condition H 
1071 Condition C or K 


lv, Ioc, IBt, IBH, TEL, IEH, lit, iH and 
visual. function. Ta = 25°C 
1027 Ta = +100°C at Vcc = 5.0V and LTPD = 10 
cycling through logic at 1 character 
per second. 
| = = ‘|| Same as Subgroup 3. 


1032 Ta =14125°C LTPD = 10 
le ee Same as Subgroup 3 
Notes: 


1. Visual inspection performed through the display window. 

2. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

3. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of 
leads required. . 

4. Initial conditioning is a 15° inward bend, one cycle. 

5 

6 












Subgroup 4 
Operating Life Test (340 hrs.)(6] 





Electrical/Optical Endpoints\5] 


Subgroup 5 
Non-operating (Storage) Life 
Test (340 hrs.) 


Electrical/Optical Endpointsi®! 









. Limits and conditions are per the electrical/optical characteristics. 
. Burn-in for the over range display shall use Condition B at a nominal I- = 8 mA per LED, with all LEDs illuminated for t = 160 hours 
minimum. 
7. Equivalent to MIL-STD-883, Method 2014. 
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— TABLE IVa. 7 
GROUP C, CLASS A AND B OF MIL-D-8715 


a Sample 
Test Conditions i,  $§ize 


Subgroup 1 : 
Physical Dimensions 2 Devices/ 
O Failures 


LTPD = 15 


MIL-STD-750 
Method 


























Subgroup 2I[2,79] 
Lead Integrity 
Fine Leak 
Gross Leak 







2004 Condition B2 
1071. Condition H 


1071 | Condition C or K 


2016 


2056 
2006 10,000G at Y1 orientation 
1010 or 1011 
























Subgroup 3 


Shock 1500G, Time = 0.5 ms, 5 blows in | LTPD =15 


each orientation X1, Y1, 21 a . 
















Vibration, Variable Frequency 
Constant Acceleration 
External Visuaill4! 
Electrical/Optical Endpoints|®! 
















lv, Ioc, IBL, IBH, TEL, IEH, lit, IIH and vis- 
ual Function, Ta = 25°C : 





















Subgroup 411.3] 























Salt Atmosphere 1041 LTPD =15 
—e— NON Oa ee 


Subgroup 5. 
Bond Strengthl5| 






LTPD = 20 
(C = 0) 


: _ | h=10 
1026 Ta = +100°C 


i eed Same as Subgroup 3 


Condition A 









Subgroup 6 
Operating Life Test!6! 


Electrical/Optical Endpoints!§! 







Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 
required. 

Solderability samples shall not be used. 

Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 

Displays may be selected prior to seal. 

If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C Life Test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. 

MIL-STD-883 test method applies. 

Limits and conditions are per the electrical/optical characteristics. 

Initial conditioning is a 15° inward bend, three cycles. 


N — 


(© ON 
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Features 


e CONFORM TO MIL-D-87157, QUALITY LEVEL A 
TEST TABLES 

e TRUE HERMETIC PACKAGE FOR HIGH 
EFFICIENCY RED AND YELLOWI?] 

e TXV AND TXVB VERSIONS AVAILABLE 

e THREE CHARACTER OPTIONS 
Numeric, Hexadecimal, Over Range 

e THREE COLORS 
High Efficiency Red, Yellow, 
High Performance Green 

e 4x7 DOT MATRIX CHARACTER 

e HIGH EFFICIENCY RED, YELLOW, AND HIGH 
PERFORMANCE GREEN 

e TWO HIGH EFFICIENCY RED OPTIONS 
Low Power, High Brightness 

e PERFORMANCE GUARANTEED OVER 
TEMPERATURE 

e HIGH TEMPERATURE STABILIZED 

e GOLD PLATED LEADS 

e MEMORY LATCH/DECODER/DRIVER 
TTL Compatible 

e CATEGORIZED FOR LUMINOUS INTENSITY 


Description 


These solid state displays have a 74mm (0.29inch) dot 
matrix character and an onboard IC with data memory 
latch/decoder and LED drivers in a glass/ceramic package. 


Devices 


Part Number 
HDSP- Color Description 


0781/0781 TXV/0781TXVB 
0782/0782T XV/0782TXVB 
0783/0783TXV/0783TXVB 
0784/0784T XV/0784TXVB 


0791/0791 TXV/0791TXVB 
0792/0792T XV/0792TXVB 
0783/0783T XV/0783TXVB 
0794/0794TXV/0794TXVB 


0881/0881 T XV/0881TXVB 
0882/0882T XV/0882TXVB 
0883/0883T XV/0883T XVB 
0884/0884T XV/0884TXVB 


0981/0981 TXV/0981T XVB 
0982/0982T XV/0982TXVB 
0983/0983T XV/0983T XVB. 
0984/0984T XV/0984TXVB 


High Performance GREEN 


High-Efficiency Red 
Low Power 


High-Efficiency Red 
High Brightness 


Yellow 


High Performance 
Green 





HERMETIC, NUMERIC AND HEXADECIMAL 
DISPLAYS FOR MILITARY APPLICATIONS 


HIGH EFFICIENCY RED 


Low Power HDSP-078X/078XTXV/078XTXVB 


High Brightness HDSP-079X/079XTXV/079XTXVB 


YELLOW HDSP-088X/088XTXV/088XTXVB 
HDSP-098X/098XT XV/O98XTXVB 








The hermetic HDSP-078X,-079X/-088X displays utilize a 
solder glass frit seal. The HDSP-098X displays utilize an 
epoxy glass-to-ceramic seal. All packages conform to the 
hermeticity requirements of MIL-D-87157, the general spe- 
cification for LED displays. These displays are designed 
for use in military and aerospace applications. 


The numeric devices decode positive BCD logic into 
characters “0-9”, a “—” sign, decimal point, and a test 
pattern. The hexadecimal devices decode positive BCD 
logic into 16 characters, “O-9, A-F”. An input is provided on 
the hexadecimal devices to blank the display (all LEDs off) 
without losing the contents of the memory. 


The over range device displays “+1” and right hand 
decimal point and Is typically driven via external switching 
transistors. 

Note: 


1. The HDSP-098X high performance green displays are epoxy 
sealed and conform to MIL-D-87157 hermeticity requirements. 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Over Range +1 
Hexadecimal 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Over Range +1 
Hexadecimal 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Over Range +1 
Hexadecimal 


Numeric, Right Hand DP 
Numeric, Left Hand DP 
Over Range +1 
Hexadecimal 
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Package Dimensions _ | 

FRONT VIEW A FRONT VIEW B | _ FRONT VIEW D 3 a 
"in > | "eto" = | _ Function 
ae 1 on 
| tnput 2 | 


[3 | inputs | 
Decimal Blanking 
SSL poe | commer 
Latch) ‘Latch | 
ae Sem 
is eal 
7 
| 8 






























4.8 
(0.19) | Input 1 1 
SIDE VIEW ne END VIEW Notes: | 
0-10° 1. Dimensions in miilimetres and (inches). 
= See . i 2. Unless otherwise specified, the tolerance 
| a ae ; on all dimensions is +.38 mm (+.015”). 
COLOR 1.5 3. Digit center line is +.25 mm (+.01”) 
CODE!®! a SEATING (.06) from package center line. 
‘5 SEATING PLANE Die . 4 Solder dipped leads. 
LUMINOUS : : 5. Color code for HDSP-088X/-098X series. 
10.2 INTENSITY (.600) PLANE \ 4 ; olor code for / series 
(.400) CATEGORY | 
DATE CODE 0.3 + 0.08 TYP. 
j 1 
19012 £0:003) 4:3 TYP: | a 0.5 + 0.08 TYP, 
gigs PIN 1 KEY + (.050) (0.020 + 0.003) 
" 2.8 a ea 2.5+0.13 TYP. 
4 3 2 1 (Vi) 


| | | | ~ (0.100 + 0.005) 





tseTup 


DATA INPUT 
(LOW LEVEL DATA) 












TRUTH TABLE 
BCD DATA!) HEXA- 


DATA INPUT 
(HIGH LEVEL DATA) 





ENABLE 
INPUT 


























Vcc a 
ENABLE _——— 











































(BLANK) 
LOGIC 8 
1 
INPUT 2 
‘ xg LATCH MATRIX (BLANK) 
MEMORY DECODER 
ve (BLANK) 
pp(2) 4 
DECIMAL PT_!2] 
OFF | 
a LOAD DATA 
ENAGEE LATCH DATA 
(3 DISPLAY-ON 
BLANKING 
DISPLAY-OFF 
BLANKING!3) LED Notes: 
CONTROL 4 MATRIX LED 1. H = Logic High; L = Logic Low. With the enable input at logic high 
DRIVER MATRIX changes in BCD input logic levels have no effect upon display 






memory, displayed character, or DP. 
2. The decimal point input, DP, pertains only to the numeric displays. 
3. The blanking control input, B, pertains only to the hexadecimal! 
displays. Blanking input has no effect upon display memory. 


GROUND a 


Figure 2. Logic Block Diagram 
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Absolute Maximum Ratings 


es ee 


Storage temperature, ambient 
-65 +125 
Ts i 


HDSP-078X/-079X/-088X 
HDSP-098X 


Maximum solder temperature at 1.59 mm (0.062 inch) 
below seating plane: t < 5 seconds 




















Supply Voltage @ 
Operating temperature, ambient !"! -55 Peed +100 
Enable Pulse Width five — Sp OO fe 


Time data must be held before positive transition an Ep 
of enable line SETUP 

Time data must be held after positive transition t 50 
of enable line HOLD 


Enable pulse rise time a ae 
















wo 
> 
< 
a | 
a 
2 
r=) 
2 
b- 
cc 
Las 
= 






Luminous Intensity per LED 
(Digit Average)!s.4] 


HDSP-078X 
Series Peak Wavelength 


Luminous Intensity per LED 
(Digit Average)!s.4] 


HDSP-079X 
Series Peak Wavelength 


Dominant Wavelengthl®! 


Luminous Intensity per LED 
(Digit Average)!3.41 


HDSP-088X 
Series 


Luminous Intensity per LED 
HDSP-098X (Digit Average) [3.4] 


Series Peak Wavelength 
Dominant Wavelength Xd 
Notes: 


1. The nominal thermal resistance of a display mounted in a socket that is soldered onto a printed circuit board is R@ya = 50° C/W/device. 
The device package thermal resistance is R@j-PIn = 15°C/W/device. The thermal resistance device pin-to-ambient through the PC 
board should not exceed 35° C/W/device for operation at Ta = +100°C. 

2. Voltage values are with respect to device ground, pin 6. . 

' 3. These displays are categorized for luminous intensity with the intensity category designated by a letter code located on the back of the 
display package. Case temperature of the device immediately prior to the light measurement is equal to 25°C. 
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Supply HDSP-078X Series 
Current HDSP-079X/-088X/ 
-098X Series 
Power HDSP-078X Series 
Dissipation | HDSP-079X/-088X/ 
-098X Series 


Logic, Enable and Blanking 
Low-Level Input Voltage 





















Logic, Enable High-Level VIH 
Input Voltage | 
Blanking High Voltage VBH 


Display Blankead 







Logic and Enable 
Low-Level Input Current 







Blanking Low-Level Input Current 





Logic, Enable and Blanking 
High-Level Input Current 


Weight 


Leak Rate 


Notes: 

4. The luminous intensity at a specific operating ambient temperature, 
ly(Ta) may be approximated from the following expotential 
equation: ly(T a = ly(25° C) elk(Ta-25°C)]., 






Device 


HDSP-078xX Series | 
HDSP-079X Series 


HDSP--088X Series 
HDSP-098xX Series | 










-0.0131/° C 





-0.0112/° C 
-0.0104/°C 


Operational Considerations 
ELECTRICAL 


These devices use a modified 4 x 7 dot matrix of light 
emitting diodes to display decimal/hexadecimal numeric 
information. The high efficiency red and yellow displays 
use GaAsP/GaP LEDs and the high performance green 
displays use GaP/GaP LEDs. The LEDs are driven by 
constant current drivers, BCD information is accepted by 
the display memory when the enable line is at logic low 
and the data is latched when the enable is at logic high. 
Using the enable pulse width and data setup and hold 
times listed in the Recommended Operating Conditions 
allows data to be clocked into an array of displays at 6.7 
MHz rate. 


The decimal point input is active low true and this data is 
latched into the display memory in the same fashion as 
the BCD data. The decimal point LED is driven by the on- 
board IC. 

The blanking control input on the hexadecimal displays 
blanks (turns off) the displayed information without 
disturbing the contents of display memory. The display is 
blanked at a minimum threshold level of 2.0 volts. When 
blanked, the display standby power is nominally 250 mW 
at Ta = 25°C. 

The ESD susceptibility of the |C devices is Class A of MIL- 
STD-883 or Class 2 of DOD-STD-1686 and DOD-HDBk- 
263. 















Vec = 55V 


ge a 
pe 

VIH=2.4V 
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ee Eel 


Electrical Characteristics; 1, =-s5°c to +100°C) 
er 


Voc =55V 
Characters “5.” or “B” 
displayed 

Voc =5.5V 
Characters “5.” or “B” 
displayed 
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5. The dominant wavelength, Ag, is derived from the CIE 
Chromaticity Diagram and is that single wavelength which de- 
fines the color of the device. 

6. The HDSP-088X and HDSP-098X series devices are categor- 

' ized as to dominant wavelength with the category disignated 
by a number on the back side of the display package. 

7. All typical values at Voc = 5.0 V and Ta = 25°C. 


MECHANICAL 


These displays are hermetically sealed for use in environ- 
ments that require a high reliability device. These displays 
are designed and tested to meet a helium leak rate of 5 x 
10°8 cc/sec. . 

These displays may be mounted by soldering directly to a 
printed circuit board or insertion into a socket. The lead-to- 
lead pin spacing is 2.54 mm (0.100: inch) and the lead row 
spacing is 15.24 mm (0.600 inch). These displays may be 
end stacked with 2.54 mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 

The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100° C, it is important to 
maintain a base-to-ambient thermal resistance of less 
than 35°C watt/device as measured on top of display 
pin 3. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, Gene- 
solv DI-15, Genesolv DE-15. 
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PRECONDITIONING 


These displays are 100% preconditioned by 24 hour stor- 
age at 125°C, at 100°C for the HDSP-098xX Series. 


CONTRAST ENHANCEMENT 


These display devices are designed to provide an 
optimum ON/OFF contrast when placed behind an 
appropriate contrast enhancement filter. The following 
filters are suggested: 


Display 


HDSP-088X Panelgraphic Yellow 27 
Yellow Chequers Amber 107 


HDSP-078X/-079X Panelgraphic Ruby Red 60 
HER Chequers Red 112 


HDSP-098X Panelgraphic Green 48 
HP Green Chequers Green 107 


Over Range Display 


The over range devices display “+1” and decimal point. 
The character height and package configuration are the 
same as the numeric and hexadecimal devices. Character 
selection is obtained via external switching transistors 
and current limiting resistors. 


Absolute Maximum Ratings 
[Description | Symbol] Min. | Max. | Unit 










Storage Temperature, 
Ambient 


Operating Temperature TA 
Ambient 
Forward Current, 


-65 
-55 





Each LED 


Reverse Voltage, 
Each LED 





Decimal Point 


Notes: 

0: Line switching transistor in Figure 7 cutoff. 

1: Line switching transistor in Figure 7 saturated. 
X: ‘don’t care’ 


+ 








Ambient Lighting 


Polaroid HNCP 37 Polaroid Gray HNCP10 
3M Light Control Film HOYA Yeliowish-Orange 
HLF-608-3Y 


Panelgraphic Gray 10 Marks Gray 
MCP-0301-8-10 


Chequers Grey 105 Polaroid Gray HNCP10 
HOYA Reddish-Orange 
HLF-608-5R 
Marks Gray 
MCP-0301-8-10 
Marks Reddish-Orange 
MCP-0201-2-22 


Polaroid Gray HNCP10 

HOYA Yellow-Green 
HLF-608-1G 

Marks Yellow-Green 
MCP-0101-5-12 
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Package Dimensions 


FRONT VIEW C 


10.2 
era 






Crim | Function | 
os 
aoa 
os 















Open 





















19 | Open 
(0.075) 
7 
Minus/Plus 
Note: 


1. Dimensions in millimetres and (inches). 


=7 | Vcc =5.0V 


she Sa SEE, yl ee, At eo es Oe a 
MINUS PLUS PLUS | 
=o ————) 

d.p | 

\/ \/ \/ \/ \/ 

| 

\/ \/ \/ \/ | 

| 

O—- —- -—- —_— O-—- — — — Oo — — 
#4 =8 =1 
Ry R3 R3 





Figure 3. Typical Driving Circuit 
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Luminous Intensity Per LED 


(Digit Average) at Ta = 25°C 













Ip = 2. 
HDSP-0783 E ued 
fir=8mA | ———«|: 620 | mcd 
HDSP-0883 215 | 490 | ycd 
HDSP-0983 acd 










Electrical Characteristics -,- -55°C to +100°C) 










Description 


| Forward Voltage 
| per LED 


PT 
VF | 
Py 













HDSP-0983 Power Dissipation 


(all LEDs illuminated) 


Forward Voltage per LED 

High Reliability Testing 

Two standard reliability testing programs are available. The 
TXVB program is in conformance with Quality Level A Test 
Tables of MIL-D-87157 for hermetically sealed displays 
with 100% screening tests. A TXVB product is tested to Tables 
1, Il, Ila, and I1Va, A second program is an HP modification 
to the full conformance program and offers the 100% 
screening portion of Level A, Table |, and Group A, Table II. 


100% Screening 


Pr 





MIL-STD-750 
Test Screen . Method 


1. Precap Visual 


3. Temperature Cycling | 
5. Fine Leak 
. Gross Leak 








2.. High Temperature Storage 


Interim Electrical/Optical Tests!2! 


. Burn-in! 3! 


9. Final Electrical Test!2! 


10. Delta Determinations | ie 


11. External Visuali1! 


Notes: 
1. MIE-STD-883 Test Method applies. 
2. Limits and conditions are per the electrical/optical characteristics. 


HDSP-0883 


HDSP-0783 High __ i ; 
Brightness . 
HDSP-0983 a ae 


Test Condition 


HDSP-0783 | Power Dissipation Ip = 2.8 mA i ll 
IF =2.8mA a 
Tie=ema 


HDSP-0883 | Power Dissipation 
(all LEDs Illuminated) 
lF=8mMA 
Forward Voltage per LED 


HDSP-078X 


HDSP-079X 
HDSP-088X 
~ HDSP-098X 





Recommended 
Operating Conditions vec =sov 


_, Forward Resistor Value | 
Current Per 
| LED, mA 










Low Power 28 


a Ee 
243 282 mw 







PART MARKING SYSTEM 


With Table | With Tables I, 
Standard Product and Il il, tila and IVa 


HDSP-078XTXV 
HDSP-079XTXV 
HDSP-088XTXV 
HDSP-098XTXV 


HDSP-078XTXVB 
HDSP-079XTXVB 
HDSP-088XTXVB 
HDSP-098XTXVB 


TABLE I. QUALITY LEVEL A OF MIL-D-87157 


Conditions 

Interpreted by HP Procedure 5956-7572-52 
Ta = 125°C, Time = 24 hoursi4] | 
Condition B, 10 Cycles, 15 Min. Dwell 
10,000 G at Y1 orientation 

Condition H | 

Condition C or K[5! 


lv, Ic, IBL, IBH, TEL, IEH, lit, and hH 

TA = 25°C 

Condition B at Vcc = 5V and cycle 
through logic at 1 character per second. 
Ta = 100°C, t = 160 hours 


Same as Step 7 


Aly = -20%, Alcc = +10 mA, AlH = +10pA 
and AlEH =+13 nA 


3. Burn-in for the over range display shall use Condition B at a nominal Ip = 8 mA per LED, with all LEDs illuminated for T = 160 hours 


minimum. 
4. T, = +100°C for HDSP-098X Series. 
5. Fluid temperature = +100°C for HDSP-098X Series. 
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TABLE Il 
GROUP A ELECTRICAL TESTS — MIL-D-87157 


Test LTPD 


Subgroup 1 
DC Electrical Tests at 25°C!''! 
















Iv, Ioc, IBv, IBH, lec, IEH, liL, and lin and 
visual function, Ta = 25°C 












Subgroup 2 
DC Electrical Tests at High 
Temperaturel1! 









Same as Subgroup 1, except delete lv and visual 
function. Ta = +100°C 





Subgroup 3 
DC Electrical Tests at Low Same as Subgroup 1, except delete ly and visual 
Temperature! 1! function. Ta = -55°C 


Subgroup 4, 5, and 6 not applicable 


Subgroup 7 
Optical and Functional Tests at 25°C Satisfied by Subgroup 1 5 


Subgroup 8 
External Visual MIL-STD-883, Method 2009 


Notes: 
1. Limits and conditions are per the electrical/optical characteristics. 


TABLE Illa 
GROUP B, CLASS A AND B OF MIL-D-87157 


MIL-STD-750 
Test Method Conditions Sample Size 


Subgroup 1 
Resistance to Solvents 1022 4 Devices/ 
0 Failures 
Internal Visual and Design 207517) 1 Device/ 
Verification!) 0 Failures 
Subgroup 2I2.3] 
Solderability 2026 Ta = 245° C for 5 seconds LTPD = 15 


Subgroup 3 
Thermal Shock (Temp. Cycle) 1051 Condition B1, 15 min. Dwell LTPD = 15 


Moisture Resistancel4] 

Fine Leak 1071 Condition H 

Gross Leak Condition C or K!9! 

Electrical/Optical Endpointsl5] kf Iv, loc, IBL, IBH, TEL, IEH, lit, iH and 
visual function. Ta = 25°C 


Subgroup 4 
Operating Life Test (340 hrs.)[6] 1027 Ta = +100°C at Vcc = 5.0V and LTPD = 10 
cycling through logic at 1 character 
per second. 


Electrical/Optical Endpoints! | = = | Same as Subgroup 3. 


Subgroup 5 
Non-operating (Storage) Life 1032 Ta = +125°C!",8] LTPD = 10 
Test (340 hrs.) 
Electrical/Optical Endpoints|5] — Same as Subgroup 3 


Notes: 

1. Visual inspection performed through the display window. 

2. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. 

3. The LTPD applies to the number of leads inspected except in no case shall less than 3 displays be used to provide the number of 
leads required. 

. Initial conditioning is a 15° inward bend, one cycle. 

. Limits and conditions are per the electrical/optical characteristics. 

. Burn-in for the over range display shall use Condition B at a nominal Ip + 8 mA with ‘+’ illuminated for t = 160 hours. 

. Equivalent to MIL-STD-883, Method 2014. 

. Ta = +100°C for HDSP-098X Series. 

. Fluid temperature = +100°C for HDSP-098X Series. 
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TABLE IVa 
GROUP C, CLASS A AND B OF MIL-D-87157 


Sample 
| Conditions - Size 











' MIL-STD-750 
Method 










Subgroup 1 . 
Physical Dimensions 










2066 2 Devices/ 


0 Failures 
LTPD = 15 





Subgroup 2[2.79] 
Lead Integrity 











Fine Leak 
Gross Leak 






Condition B2 | 
1071 Condition H | 
1071 Condition C or K!10 | 
2016 1500G, Time = 0.5 ms, 5 blows in 
each orientation X1, Y1;Z1 . 


oe | isd 
2006 10,000G at Y1 orientation - 


1010 or 1011 





Subgroup 3 
Shock 












LTPD = 15 










Vibration, Variable Frequency 
Constant Acceleration 
External Visuall4! 
Electrical/Optical Endpoints|8! 





















Iv, Ioc, IBL, IBH, TEL, IEH, IIL, lin and vis- 
ual Function, Ta = 25°C 

















Subgroup 411.3] Zz 
Sait Atmosphere 
External Visuall4! 








LTPD = 15 







1010 or 1011 


2037 Condition A 
1026 Ta = +100°C . 


Subgroup 5 = 
Bond Strength! LTPD = 20 


(C =0) 












Subgroup 6 
Operating Life Testlé| 


Electrical/Optical Endpointsl®! Same as Subyroup 3 





Notes: 

1. Whenever electrical/optical tests are not required as endpoints, electrical rejects may be used. . . 

2. The LTPD applies to the number of leads inspected except in no case shall less than three displays be used to provide the number of leads 

required. _ 

Solderability samples shall not be used. . . 
Visual requirements shall be as specified in MIL-STD-883, Methods 1010 or 1011. 
Displays may be selected prior to seal. . 
If a given inspection lot undergoing Group B inspection has been selected to satisfy Group C inspection requirements, the 340 hour life tests 
may be continued on test to 1000 hours in order to satisfy the Group C Life Test requirements. In such cases, either the 340 hour endpoint 
measurements shall be made a basis for Group B lot acceptance or the 1000 hour endpoint measurement shall be used as the basis for both 
Group B and Group C acceptance. | fins 
MIL-STD-883 test method applies. 
Limits and conditions are per the electrical/optical characteristics. 
Initial conditioning is a 15° inward bend, 3 cycles. 

. Fluid temperature = +100°C for HDSP-098X Series. 
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Fiber Optics 


HP's Commitment 
Hewlett-Packard has been 


committed to Fiber Optics since | 


the introduction of our first link 
in 1978. Years of technological 
experience with LED emitters, 
detectors, integrated circuits, 
precision optical packaging, and 
optical fiber qualify HP to 
provide practical solutions for 
your application needs. 


HP's unique combination of 
technologies and high volume | 
manufacturing processes 
provide you with high quality 
transmitter and receiver _ 
components to meet a wide 
variety of computer, local area 
network, telecommunication, 
and industrial communication 
needs. 


Three major families of fiber 
optic components offer a wide 
range of application solutions. 
Each family is designed to | 
match HP's technology to your 
application requirements 
resulting in minimum cost and 
maximum reliability. The 
design and specification of each 
of these families allow easy 
design-in and provide 
guaranteed performance. 


Hewlett-Packard's method of 
specification assures guaran- 
teed link performance and easy 
design-in. The transmitter 
optical power and receiver 
sensitivity are specified at the | 
end of a length of test cable. 
These specifications take into 
account variations over 
temperature and connector 
tolerances. All families of 
components incorporate the 
fiber optic connector receptacle 


- in the transmitter and receiver 


packages. Factory alignment of 
the emitter/detector inside the 
package minimizes the varia- 
tion of coupled optical power, 
resulting in smaller dynamic 


range requirements for the 


receiver. The guaranteed 
distance and data rates for 
various transmitter/receiver 
pairs are shown in the | 
following selection guide. © 


Hewlett-Packard offers a | 


_ choice of fiber optic cable, | 


either glass fiber or plastic, 
simplex or duplex, factory 
connectored or bulk. Connector 
attachment has been designed 
for your production line 
economy. 





Versatile Link 
Components 

Low cost and ease of use make 
this family of link components 
well suited for applications 
connecting computers to 
terminals, printers, plotters, test 


equipment, medical equipment, 


and industrial control equipment. 
These links utilize 665 nm 
technology and 1 mm diameter 


_ plastic fiber cable. Assembling 


the plastic snap-in connectors 
onto the cable is extremely easy. 
The HFBR-0501 evaluation kit 
contains a complete working link 
including transmitter, receiver, 
five metres of connectored cable, 
extra connectors, polishing kit, 
and technical literature. 


Low Cost Miniature 
Link Components 


This family offers a wide range of 
price/performance choice for 
computers, central office switch, 
PBX, local area network, and 
industrial-control applications. 
These components utilize 820 nm 
technology and glass or plastic 
clad silica fiber cable. The unique 
design of the lensed optical 
coupling system makes this 
family of components extremely 


_ reliable. The dual-in-line package 


requires no mounting hardware. 
The package is designed for 
auto insertion and wave solder- 
ing. The components are 
available for use with industry 
standard ST* or SMA connec- 
tors. Specifications are provided 
for four fiber sizes: 62.5/125 um, 
50/125 um, 100/140 um, and 200 
um Plastic Clad Silica (PCS) 
cable. Evaluation kits are 
available for both ST and SMA 
connectors. A transmitter, 
receiver, connectored cable, and 
technical literature are con- 
tained in the evaluation kits. 


1300 nm Module 
Components 
Hewlett-Packard began the 
development of 1300 nm 
materials and device technology 
in the early 1980s based on the 
need for greater performance 
and reliability in the local area 
fiber optic component market. 
After many years of develop- 
ment, Hewlett-Packard is proud 
to introduce its new family of 
1300 nm transmitters and 
receivers. These components are 
available for use with the 
industry standard ST* connec- 
tor. The precision stainless steel 
bore assures that the ST* 
connector ferrule tip will be 
optimally aligned with the 
optics of the module. 


Hewlett-Packard's long tradi- 
tion of quality and reliability is 
insured by the vertical integra- 
tion of this new product family. 
The 1300 nm LED, PIN, and 
three custom bipolar integrated 
circuits (IC) used in these 
products have been developed 
and are manufactured by HP. 
Hewlett-Packard's manufactur- 
ing and test facilities provide 
consistent performance and 


high volume capability. A driver 
IC allows the 1300 nm LED to 
translate ECL signals into an 
optical signal. On the other end 
of the link, the PIN receiver 
converts the optical pulses into 
electrical signals. These signals 
are processed in Hewlett- 
Packard's module through pre- 
amplifier and quantizer ICs 
before being transferred as an 
ECL signal to the external 
circuitry. 


New General Purpose 
High Speed 
Transmitter and 
Receiver Pair 

HP now offers two varieties of 
high speed, general purpose 
1300 nm components. They are 
specified for applications 
between 10-160 MBd (HFBR- 
1160/2100) or 10-200 MBd 
(HFBR-1160/2100). Alternate 
sources of supply are available 
to those designers who require 
multiple sources. 


New FDDI Transmitter 
and Receiver Pair 


Hewlett-Packard's first Fiber 
Distributed Data Interface 
(FDDI) compatible transmitter 
and receiver pair, the HFBR- 
1125/2125 parts are fully 
characterized and guaranteed to 
meet or exceed the optoelectronic 
requirements of the FDDI Local 
Area Network Standard. 
Drawing on Hewlett-Packard's 
experience in the test and 
measurement field, the outgoing 
production tests for the module 
guarantee interoperability with 
other FDDI compatible 
components. 


The modules use a shifted ECL 
interface and are directly 
compatible with the FDDI PHY 


*ST (R) is a registered trademark of AT&T for Lightguide Cable Connectors. 


5-3 


integrated circuits available 
today. Designed for FDDI 
stations with minimum board 
space, the component pair has a 
sufficient power budget to allow 
for optical bypass switches. 


1300 nm Products under 
Development 

FDDI Transceiver 

The second generation of FDDI 
optical components from 
Hewlett-Packard is packaged in 
a transceiver module with a 
PMD-compatible MIC 
receptacle. The module is 
directly compatible with FDDI 
PHY integrated circuits. It uses 
the same LED, PIN, and 
integrated circuits as the 
individual transmitter and 
receiver modules. 


The Hewlett-Packard 
transceiver is packaged in a 
dual-in-line package with two 
rows of 11 pins. Several 
suppliers have commited to 
supply FDDI transceivers in 
this package assuring multiple 
sources of supply. The HP 
transceiver has been Beta Site 
tested during mid-1990. Product 
release is targeted for the fourth 
quarter 1990. Contact your local 
field sales engineer for more 
information. 








HP Fiber Optic 
Performance 
Characteristics 


The charts on this page illus- 
trate the performance ranges of 
Hewlett-Packard's fiber optic 
components. Both charts are 
coded by family. To determine 
which family is appropriate for 
your design, use the distance/ 
data rate chart (Figure 1). The 
performance of each family 


100,000 


10,000 


10 


DATA RATE — Mbaud 


0.1 


0.01 


incorporates the entire area 
below each boundary. Specific 
component choices and their 
associated optical-power budget 
are indicated in Figure 2. 


The optical-power budget is 
determined by subtracting the 
receiver sensitivity (dBm) from 
the transmitter optical output 
power (dBm). The distance 
specification can be calculated 
simply by dividing the optical- 


power budget (dBm) by the 
cable attenuation (dB/km). 


The newer transmitter/receiver 
product families provide the 
designer with significantly 
improved price/performance 
benefits over older products. 
These newer product families 
have been specifically designed 
for easy use in high volume 
manufacturing operations. 


===] VERSATILE LINK COMPONENTS 

Z777], LOW COST MINIATURE LINK COMPONENTS 
fess) HIGH PERFORMANCE 1300 nm MODULES 
PRODUCTS UNDER INVESTIGATION 











DISTANCE — METRES 


Figure 1 
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~ 10,000 


VERSATILE LINK 


z ainbi4 





d = 665 nm » = 665 nm d = 665 nm dA =665 nm 
HFBR- HFBR- HFBR- HFBR- 
1521/1531 1522/1532 1524/1534 1523/1533 


LOW COST 
MINIATURE 
TRANSMITTERS)! 
A = 820 nm A = 820 nm dA = 820 nm d= 820nm 
HFBR- HFBR- HFBR- HFBR- 
1402/1412 1402/1412 1404/1414 1404/1414 


COUPLED OPTICAL POWER (dBm) 


NOTES: -11.1 -8.2 -10.3 -8.2 
1. Optical power budget calculations are at 25°C. @ 60 mA @ 60 mA @ 60 mA @60mA 
2. For Link performance with other fiber sizes contact 
your local HP sales office. FI 
3. All transmitters are LEDs except for 1300 nm modules 1000 1000 4000 1000 
amen Include aOUNen le: (0.25.dB/m) | (0.25dB/m) | (0.25dB/m) | (0.25 dB/m) 


VERSATILE LINK 


e 
== 
(7) = — 
ra = > 
> = = 
Pe = = 
uu — ~— 
c LL (7) 
= 
Ld 
” 


LOW COST 
MINIATURE 





Future 1300 nm modules are discussed on page 8-3. 
“Distance is limited by a combination of fiber bandwidth and transmitter optical rise/fall time and LED spectral width. 


-6.5 -12.0 -12.0 -16.5 
@ 60 mA @ 60 mA @ 60 mA @60mA 
IBER SIZE (,.m) (ATTENUATION) 
200 PCS 100/140 62.5/125 50/125 


(5.3 dB/km) (3.3 dB/km) (2.8 dB/km) (2.8 dB/km) 


5 MBd 
3.5 Km 
5 MBd 
5.6 Km 
30 MBd 
600 m* 
30 MBd 30 MBd 30 MBd 30 MBd 
650 m* 3.3 Km* 4.5 Km* 4.5 Km* 
100 MBd 100 MBd 100 MBd 100 MBd 
130 m* 750 m* 1.0 Km" 1.0 Km* 


FUTURE 


1300 nm 
MODULES 





d= 1300 nm » = 1300 nm 


HFB-1125 HFBR-1100 
-16.0 -16.0 
62.5/125 62.5/125 


(2.8 dB/km) (2.8 dB/km) 





125 MBd 
2.0 Km 
200 MBd 
2.0 Km 


Versatile Link Family 


Pg 


HFBR1524 Transmitter. HFBR-2524 

Receiver. 5 metre connectored cable, 3-11 
connectors, bulkhead feedthrough adapter, 

polishing kit, literature. 


Features: Dual-in-line package, horizontal and vertical PCB mounting, plastic snap-in 
connectors, specified for 1 mm dia. plastic fiber. TTL/CMOS compatible output, auto 
insertable, wave solderable. 


Evaluation Kit 


HFBR-0501 





Transmitter/Receiver Pairs 


Horizontal Vertical Distance” Data Rate 
5 MBd High Performance HFBR-1521/2521 HFBR-1531/2531 40m 5 MBd 
Link | 
1 MBd High Performance HFBR-1522/2522 HFBR-1532/2532 65m 1 MBd 
Link 
1 MBd Standard HFBR-1524/2524 HFBR-1534/2534 35m 1 MBd 
Performance Link 7 
40 KBd Extended HFBR-1523/2523 HFBR-1533/2533 125m 40 KBd 
Distance Link | | 
Low Current Link HFBR-1523/2523 HFBR-1533/2523 40m 40 KBd 
Photo Interrupter Link HFBR-1523/2523 HFBR-1533/2523 N.A. 20 KHz 
HFBR-1532/2532 | N.A. 500 KHz 


HFBR-1522/2522 


Plastic Fiber Cable 
Available in 1 meter increments (yyy m) 


Attenuation 
Standard 
Standard 
Standard 
Standard 
Standard 
Improved 
Improved 
Improved 


Connectors 


*Link performance at 25°C, improved attenuation cable. 


Simplex 
HFBR-PUSyyy 
HFBR-PNSyyy 
HFBR-PLSyyy 
N.A. 

N.A. 
HFBR-QUSyyy 
HFBR-QNSyyy 
HFBR-QLS-yyy 


Simplex Standard 
Simplex Latching 


Duplex Standard 
Duplex Latching 


Duplex 
HFBR-PUDyyy 
HFBR-PNDyyy 
HFBR-PLDyyy 
HFBR-PMDyyy 
HFBR-PLDyyy 
N.A. 

N.A. 

N.A. 


HFBR-4501 
HFBR-4511 
HFBR-4503 


_HFBR-4513 


HFBR-4506 — 
HFBR-4516 


Unconneciored cable 

Simplex connectored cable 
Latching simplex connectored cable 
Duplex connectored cable 

Latching duplex connectored cable 
Unconnectored cable 

Simplex connectored cable 
Latching simplex connectored cable 


Gray connector/crimp ring 

Blue connector/crimp ring 

Gray connector/crimp ring 

Blue connector/crimp ring 
Parchment connector/crimp ring 
Parchment connector/crimp ring 








Versatile Link Family (continued) 


Polishing Kit 


HFBR-4593 


Bulkhead Feedthrough/in-line splice 
HFBR-4505 
HFBR-4515 


Low Cost Miniature Link Family 


Product/Part Numbers 


Evaluation Kits 
HFBR-0410 (ST) 


HFBR-0400 (SMA) 


Transmitters/Receivers 
HFBR-14X2 Standard Transmitter 


HFBR-14X4 High Power Transmitter 
HFBR-24X2 5 MBd Receiver 


HFBR-24X4 25 MHz Receiver 
HFBR-24X6 125 MHz Receiver 


Transmitter/Receiver Pairs 
HFBR-14X2/24X2 


HFBR-14X4/24X2 
HFBR-14X2/24X4 
HFBR-14X4/24X4 
HFBR-14X2/24X6 


HFBR-14X4/24X6 


*Link performance at 25 C. 


Plastic polishing fixture (used for all 
connectores), abrasive paper, lapping 
film. 


Gray bulkhead feedthrough adapter 
Blue bulkhead feedthrough adapter 


HFBR-1412 transmitter, HFBR-2412 receiver, 3 meter 
connectored 62.5/125 yum cable, literature. 
HFBR-1402 transmitter, HFBR-2404 receiver, 2 meter 
connectored 1,000 tm (plastic) cable, literature. 


Optimized for large size fiber such as ‘100/140 uum and 
200 wm PCS 


Optimized for small size fiber such as 50/125 pum 
or 62.5/125 pum 


TTLICMOS compatible receiver with -25.4 dBm 
sensitivity 

PIN-preamp receiver for signal rates up to 35 MBd 
PIN-preamp receiver for signal rates up to 150 MBd 





Optical Power Budget: Data Rate 


20.5 dB (200 um fiber) 5 MBd 
15 dB (100/140 yum fiber) 5 MBd 


15 dB (62.5/125 yum fiber) 5 MBd 
10.5 dB (50/125 ium fiber) 5 MBd 


18 dB (100/140 uum fiber) 5 MBd 
13.5 dB (100/140 um fiber) 30 MBd- 


18 dB (62.5/125 um fiber) 5 MBd 
13.5 dB (62.5/125 uum fiber) 30 MBd 


21 dB (100/140 jam fiber) 30 MBd 
19 dB (100/140 yum fiber) 150 MBd 


21 dB (62.5/125 jum fiber) 30 MBd 
19 dB (62.5/125 um fiber) 150 MBd 





Features: Dual-in-line package, interfaces directly with ST or SMA connectors, specified 
for use with 50/125 pum, 62.5 pum, 100/140 pum and 200 tum Plastic Coated Silica (PCS) 
fiber. Auto insertable, wave solderable, no mounting hardware required. 
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Low Cost Miniature Link Family (continued) 


Mechanical Styles Description | _ Page 
HFBR-XX0X SMA housed product =. 5-35/63/65 
HFBR-XX3X | | SMA port product, bent leads 

HFBR-XX5X SMA port product, straight leads 

HFBR-XX0XC HFBR-XX0X with Conductive Port Option (RX only) 

HFBR-XX3XC HFBR-XX3X with Conductive Port Option (RX only) 

HFBR-XX5XC | HFBR-XX5X with Conductive Port Option (RX only) 

HFBR-XX1X ST housed product (not recommended for new designs) 

HFBR-XX4X ST port product, bent leads (not recommended for new designs) 

HFBR-XX6X ST port product, straight leads (not recommended for new designs) 

HFBR-XX1XT HFBR-XX1X with Threaded ST Option (recommended for new designs) 
HFBR-XX4XT HFBR-XX4xX with Threaded ST Option (recommended for new designs) 

HFBR-X6XT HFBR-XX6X with Threaded ST Option (recommended for new designs) 
HFBR-XX1XTC HFBR-XX1XT with Conductive Port Option (RX only) 

HFBR-XX4XTC HFBR-XX4XT with Conductive Port Option (RX only) 

HFBR-XX6XTC HFBR-XX6XT with Conductive Port Option (RX only) 





1300 nm Transmitter/Receiver Module Link Family 


Features: Dual-in-line package, interfaces directly with ST* connectors, specified for use 
with 62.5/125 pum and 50/125 um fiber. Single +5 V power supply and shifted ECL logic 





interface. 
——_ 
PTT TTI 
Transmitter/Receiver Pairs | | Distance Data Rate 
200 MBd link HFBR-1100/2100 2km 200 MBd 
160 MBd link HFBR-1160/2100 2km 160 MBd = | 
FDDI link HFBR-1125/2125 2km 7 125 MBd 9-125 


*ST(R) is a registered trademark of AT&T for Lightware Cable Connectors. 


1300 nm Transceiver Module Link Family 






Features: Dual-in-line package, interfaces directly with FDDI MIC connector, specified for 
use with 62.5/125 tum and 50/125 yum fiber. Single +5 V power supply and shifted ECL 
logic interface. 






Product/Part Numbers 


Description Page No. 


Transmitter/Receiver Pairs Distance Data Rate 
FDDI link HFBR-5125 2km 125 MBd Contact Field Sales Office 


*ST(R) is a registered trademark of AT&T for Lightware Cable Connectors. 


ST and SMA Connectored Cable 


Description 
Part Uncon- Single Dual Page 
Number 100/140/.30 | 62.5/125/.275 | 50/125/.18 ST | nectored | Channel | Channel |} No. 


5-67 
X 
X 
X 
X 
X 


FIBER OPTICS 





HFBR-AWSyyy X 
HFBR-AWDyyy X 
HFBR-AXSyyy 

HFBR-AXDyyy 

HFBR-AUSyyy 

HFBR-AUDyyy 

HFBR-BWSyyy X 
HFBR-BWDyyy X 
HFBR-BXSyyy 

HFBR-BXDyyy 

HFBR-BUSyyy | 

HFBR-BUDyyy 

HFBR-CXSyyy* X 


“Note: All cable assemblies except for HEBR-CXSyyy are available in 1 metre increments from 1 metre to 999 metres and 100 metre 
increments from 1 km to 2 km. HFBR-CXSyyy is available in 1 and 10 metre lengths only. Eg. yyy = 050 designates 50 metres and 
yyy = 1K5 designates 1.5 km. 


Snap-in Link Family 


Features: Operate with 1 mm dia. plastic fiber, plastic snap-in connector compatible 
_(standard: simplex only). TTL compatible output. 


FOR NEW DESIGNS: Refer to the Versatile Link Family on page 5-6 to achieve the best 
price/performance value. 


Product/Part Numbers ; Description 


Transmitter/Receiver Pairs Distance* Data Rate* 
5 MBd link HFBR-1510/2501 40 metre 5 MBd 
1 MBd Link HFBR-1502/-2502 65 metre 1 MBd 
Extended Distance Link HFBR-1512/-2503 125 metre 40 kBd 





Low Current Link HFBR-1512/-2503 40 metre 40 kBd 
Photo Interrupter Link HFBR-1512/-2503 N/A 20 kHz 
HFBR-1502/-2502 N/A 500 kHz 





— 
vv 


“Link periormance ai 25°C, improved attenuation cabie. 


Miniature Link Family 
Features: Interfaces directly with SMA style connectors, specified for use with 100/140 pm 
fiber. Precision metal connector interface. 


FOR NEW DESIGNS: Refer to the Low Cost Miniature Link Family on page 5-7 to achieve 
the best price/performance value. | 


Transmitter/Receiver Pairs | Distance* Data Rate* | 5-90/98/ 


HFBR-1202/-2202 | 800 metre 5 MBd wel 
HFBR-1202/-2204 1200 metre 40 MBd 

HFBR-1204/-2202 | 1800 metre 5 MBd 

HFBR-1204/-2204 | , 2100 metre 40 MBd 

HFBR-1204/-2208 500 metre (typical) 125 MBd (typical) 


Mounting Hardware 
HFBR-4202 | PCB mounting bracket, EMI shield, misc. hardware for 
HFBR-1202/-1204/-2202/-2204/-2208. 





*Link performance at 25°C. 
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Features 
* LOW COST FIBER OPTIC COMPONENTS 


e GUARANTEED LINK PERFORMANCE OVER 
TEMPERATURE 
High Speed Links: dc to 5 MBd 
Extended Distance Links: up to 82 m 
Low Current Link: 6 mA Peak Supply Current 
Low Cost Standard Link: dc to 1 MBd 
Photo Interrupter Link 


e COMPACT, LOW PROFILE PACKAGES 
Horizontal and Vertical Mounting 
“N-plex” Stackable 
Flame Retardant 


e EASY TO USE RECEIVERS 
TTL, CMOS Compatible Output Level 
High Noise Immunity 


e EASY CONNECTORING 
Simplex, Duplex and Latching Connectors 
Flame Retardant Material 


e LOW LOSS PLASTIC CABLE 
Selected Super Low Loss Simplex 
Simplex and Zip Cord Style Duplex 
Flame Retardant 


e NO OPTICAL DESIGN REQUIRED 
e AUTO-INSERTABLE AND WAVE SOLDERABLE 


DEMONSTRATED RELIABILITY @ 40°C 
EXCEEDS 2 MILLION HOURS MTBF 


Description 


The Versatile Link series is a complete family of fiber optic 
link components for applications requiring a low cost 
solution. The HFBR-0501 series includes transmitters, re- 
ceivers, connectors and cable specified for easy designi. 
This series of components is ideal for solving problems 
with voltage isolation/insulation, EMI/RFI immunity or data 
security. The Link design is simplified by the logic com- 
patible receivers and complete specifications for each 
component. No optical design is necessary. The key optical 
and electrical parameters of links configured with the 
HFBR-0501 family are fully guaranteed from 0° to 70°C. A 
wide variety of package configurations and connectors 
provide the designer with numerous mechanical solutions 
to meet application requirements. The transmitter and 
receiver components have been designed for use in high 
volume/low cost assembly processes such as auto- 
insertion and wave scldering. 





Versatile Link Applications 
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Optic Connection 





VERSATILE LINK 
The Versatile Fiber 


HFBR-0501 
SERIES 


A 
- 
‘ SS 
\ 


~~ 
S\ SS 
~ 


< : 
RA . WS SC 
. : aS 


Reduction of lightning/voltage transient 
susceptability 


Moior controller triggering 
Data communications and Local Area Networks 


Electromagnetic Compatibility (EMC) for 
regulated systems: FCC, VDE, CSA, etc. 


Tempest—secure data processing equipment 
Isolation in test and measurement instruments 


Error free signalling for industrial and 
manufacturing equipment 


Automotive communications and control networks 
Power supply control 


Communication and isolation in medical 
instruments 

Noise immune communication in audio and video 
equipment 

Remote photo interrupter for office and industrial 
equipment 

Robotics communication 

PC to peripheral links 


4) 
E 
rs) 
&. 
ra 





Link Selection Guide 
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Duplex Link — Combination of Horizontal & Vertical Packages 
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Versatile Link 
Product Description 


Mechanical: The compact Versatile Link package is made 
of a flame retardant material (UL V-0) in a standard, eight 
pin dual-in-line package (DIP) with 7.6 millimetre (0.3 inch) 
pin spacing. Vertical and horizontal mountable parts are 
available. These low profile Versatile Link packages are 
stackable and are enclosed to provide a dust resistant seal. 
Snap action simplex, simplex latching, duplex, and duplex 
latching connectors are offered with simplex or duplex 
cables. 


Electrical: Transmitters incorporate a 660 nanometre light 
emitting diode (LED). Receivers include a monolithic dc 
coupled, digital IC receiver with open collector Schottky 
output transistor. An internal pullup resistor is available for 
use in the HFBR-25X1/2/4 receivers. Transmitter and re- 
ceiver are compatible with standard TTL circuitry. A shield 
has been integrated into the receiver IC to provide ad- 
ditional, localized noise immunity. 


Optical: Internal optics have been optimized for use with 
1mm diameter plastic optical fiber. Versatile Link specifica- 
tions incorporate all component interface losses. Therefore, 
the need of optical calculations for common link applica- 
tions is eliminated. 


Optical power budget is graphically displayed to facilitate 
electrical design for customized links. 








Designing with Versatile Link 


When designing with Versatile Link, the following topics 
should be considered: 


Distance and Data Rate 

Distances and data rates guaranteed with Versatile Link 
depend upon the Versatile Link transmitter/receiver pair 
chosen. See the Versatile Link guide (page 5-14). 


Typically, a data rate requirement is first specified. This 
determines the choice of the 5MBd, 1MBd or 40kBd 
Versatile Link components. Distances guaranteed with Ver- 
satile Link then depend upon choice of cable, specific 
drive condition and circuit configuration. Extended distance 
operation is possible with pulsed operation of the LED 
(see Figure 2a, 2b, 2c, 2d, 2e and 2f dotted lines.) 


Drive circuits are described on page 5-17. Cable is dis- 
cussed on page 5-29. Pulsed operation of the LED at 
larger current will result in increased pulse width distortion 
of the receiver output signal. 


Versatile Link can also be used as a photo interrupter at 
frequencies up to 500 KHz. This is described on page 10. 


Package Orientation 

As shown in the photograph, Versatile Link is available in 
vertical and horizontal packages. Performance and pinouts 
for the two packages are identical. To provide additional 
attachment support for the Vertical Versatile Link housing, 
the designer has the option of using a self-tapping screw 
through a printed circuit board into a mounting hole at the 
bottom of the package. For most applications this is not 
necessary. 


Package Housing Color 

Versatile Link Components and simplex connectors are 
color coded to eliminate confusion when making connec- 
tions. The HFBR-15X1/2/4 transmitters are gray, and the 
HFBR-25X1/2/3/4 receivers are blue. The HFBR-15X3 
transmitter is black. 


All of the above transmitters and receivers are also avail- 
able in black versions for special applications. These black 
components, combined with black fiber optic cable, forma 
“black link” which has superior immunity to external light. 
The black link is appropriate where improved housing 
opacity is required due to very bright ambient light or 
bright flashes of light. Black link components are other- 
wise identical to blue and gray components. 


Connector Style 
As shown, Versatile Link can be used with snap-in connec- 
tors: simplex, simplex latching, duplex, and duplex latching. 


The simplex connector is intended for applications requiring 
simple, stable connection capability with a moderate reten- 
tion force. The simplex latching connector provides similar 
convenience with a larger retention force. Connector/cable 
retention force can be improved by using a RTV adhesive 
within the connector. A suggested adhesive is 3M Company 
product: RTV-739. 


The duplex connector connects a cable containing two 
fibers to two similar Versatile Link components. A lockout 
feature ensures the connection can be made in only one 
orientation. The duplex connector is intended for Versatile 
Link components “n-plexed” together, as discussed in the 
next section. 
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N-plexing 


Versatile Link components can be stacked or interlocked 


(n-plexed) together to minimize use of printed circuit board 


space and to provide efficient, dual connections via the 


duplex connector. Up to eight identical package styles can 
be n-plexed and inserted by hand into a printed circuit 


board without difficulty. However, auto-insertability of 


stacked units becomes limited when more than two pack- 
ages are n-plexed together. 


Cable 

Two cable versions are available: Simplex (single channel) 
and color coded duplex (dual channel). Each version of the 
cable is flame retardant (UL VW-1) and of low optical loss. 


Two grades of the simplex cable are available: standard 
cable and improved cable..Improved cable is recommended 
for applications requiring longer distance needs, as reflected 
in the Link Selection Guide on page 5-12. Flexible cable 
construction allows simple cable installation techniques. 
Cables are discussed in detail on page 5-29. 


Accessories 
A variety of accessories are available. The bulkhead feed- 


Versatile Link Performance 


5 MEGABITS PER SECOND (NRZ) 
1 MEGABIT PER SECOND (NR2Z) 
40 KILOBITS PER SECOND (NRZ) 


The 5 Megabaud (MBd) Versatile Link is guaranteed to 
perform from dc to 5 Mb/s (megabits per second, NRZ). 
Distances up to 17 metres are guaranteed when the trans- 
mitter is driven with a current of 60 milliamperes. This 
represents worst case performance throughout the temper- 
ature range of 0 to 70 degrees centigrade. With the required 
drive circuit of Figure 1b and at 60 milliamp drive current, 
the 1 Megabaud Versatile Link has guaranteed performance 
over 0 to 70 degrees centigrade from dc to 1 Mb/s (NRZ) 
up to 34 metres. 


The low current link requires only 6mA peak supply 
current for the transmitter and receiver combined to achieve 
an 11 metre link. Extended distances up to 82 metres can 


VERSATILE LINK GUIDE 















| Horizontal Vertical Standard Improved 
Versatile Link Unit Package Package Cable Cable 
| | Ty HFBR-1521 HFBR-1531 | 
High Performance 5 MBd el 12 metres 17 metres 
, 7 HFBR-2521 HFBR-2531 7 
- Tx HFBR-1522 HFBR-1532 | | 
High Performance 1 MBd Pe 24 metres 34 metres 
HFBR-2522 | HFBR-2532 7 
Low Current/ Tx HFBR-1523 ~HFBR-1533 8 metres/ 11 metres/ 
Extended Distance 40 kBd Rx HFBR-2523 HFBR-2533 60 metres 82 metres 
Tx HFBR-1524 HFBR-1534 . 
Standard 1MBd | kK : 5 metres 7 metres 
| HFBR-2524 | HFBR-2534 | 


through adapter discussed on page 5-30 can be used to 
mate two simplex snap-in connectors. It can be used either 
as a splice or a panel feedthrough for a panel thickness 
< 4.1 mm (0.16 inch). | 


Several accessories are offered to help with proper fiber/ 
connector polishing. These are shown on page 5-31. 


Manufacturing with 
Versatile Link 


Non-stacked Versatile Link parts require no special handling 
during assembly of units onto printed circuit boards. Versa- 
tile Link components are auto-insertable. When wave 
soldering is performed with Versatile Link components, an 
optical port plug is recommended to be used to prevent 
contamination of the port. Water soluble fluxes, not rosin 
based fluxes, are recommended for use with Versatile Link 
components. 


Refer to the Connectoring Section on page 5-33 for details 
of connectors and cable connectoring. 


be achieved at a maximum transmitter drive current of 60 
mA peak. The 40 kBd Versatile Link is guaranteed to 
perform from dc to 40 kb/s (NRZ) over 0° to 70°C up to the 
distances just described. | 


Receivers are compatible with LSTTL, TTL, CMOS logic 
levels and offer a choice of an internal pull-up resistor or 
an open collector output. Horizontal or vertical packages 
provide identical performance and are compatible with 
simplex, simplex latching, duplex, and duplex latching con- 
nectors. Refer to the connector section (page 5-30) and 
the cable section (page 5-29) for further information about 
these products. A list of specific part numbers is found 
below and in the Selection Guide on page 5-11. 






Cable Link Length — | 
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RECOMMENDED OPERATING CONDITIONS 


tewcees | em 
Peak Forward Current IF PK 


Supply Voltage | WeBR-25x1/25X2/25X4 
Output Voltage | HFBR-25X3 p vo 


A 
C 


Ve 
Vo 
HFBR-25X1/25X2/25xX4 
Fanout (TTL) HFBR-25X3 . 
HFBR-25X1/25X2/25X4 


Data Rate 


Link Distance 
with 
Standard Cable 


High Link Distance 
Performance with 


3 MBd Improved Cable 





R, = 5600, C, =30 pF 
£ =0.5metre 
-21.6<Pp<-9.5dBm 


Pulse Width 30 a PrR=-15dBm Fig. 3, 4 
Distortion R,_ = 5600, C, =30 pF Note 4 


Data Rate 


Propagation 
Delay 





Link Distance 
with 
Standard 
Cable 


High lege = 60 MA 
Performance Link Distance lFdc = 60 mA, 25°C 


1MBd vin 
Improved rene eo 
Cable m lepK = 120 mA, 25°C 


Propagation Are ncaa pF Fig. 3,5 


Delay Pp =-24dBm Notes 3, 8 


Pulse Width a PR=-24dBm Fig. 3, 4 
Distortion R, = 5600, C, =30 pF Notes 4, 8 
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SYSTEM PERFORMANCE Under recommended operating conditions unless otherwise specified. fo 


Data Rate BER < 10-9, PRBS: 27-1 es ee 


0 kBd 
| Link Distance m 
m 
m 
: | 
us 












with 
Standard Cable lFdc = 60 mA . 


Link Distance _ 
lEde = 60 mA 


with 
Improved Cable 

R_ = 3.3 kO, Cy = 30 pF 
= 1 metre 


PrR=-25 dBm 


-39 < PR<-14dBm 
R, = 3.3 kQ, C, = 30 pF 


1 MBd | BER < 10-9, PRBS: 27-1 


m lFdc = 60 mA 
m lFdc = 60 mA, 25°C Fig. 2e 


Notes 

m lEpK =120 mA 50% 
1,78 

ee Duty 









Low Current/ 
Extended 








Propagation 
Delay 


Pulse Width t 
Distortion D 
Data Rate dc 
Link Distance 
with ee 


Cable 















| —- 19N mA OFOM Iea 
on Ut a 






WA, OU Ww 





lepK=120mA 


with 
1MBd 
Improved 


Cable 


eiaaaes Link Distance Lt Irae = 60 MA, 25°C 


Fig. 3,5. 
Notes 3, 8 


R,_ =56020, C, =30 pF 
Q =0.5 metre 
PR=-20dBm 


Pulse Width ae PpR=-20dBm Fig. 3, 4 
Distortion R,_ = 5600, C, =30 pF Notes 4, 8 


Propagation 
Delay 


Notes: 
1. For Ippx > 80 mA, the duty factor must be such as to keep 4. tp = tpLH - tPpHL. 
l-p>c < 80 mA. In addition, for l-epK > 80 mA, the following 5. Typical data is at 25°C, Voc = 5 V. 
rules for pulse width apply: 6. Typical propagation delay is measured at Pp = -15 dBm. 
leEpK S 160 mA: Pulse width < 1 ms 7. Estimated typical link life expectancy at 40°C exceeds 10 


l-pK 2 160 mA: Pulse width < 1 us, period = 20 uS. years at 60 mA. 

2. It is essential that a bypass capacitor, 0.1 uF ceramic, be 8. Pulsed LED operation at I-p, > 80 mA will cause increased link 
connected from pin 2 to pin 3 of the HFBR-25X1/25X2/25xX4 tpLH propagation delay time. This extended tp, } time 
receivers and from pin 2 to pin 4 of the HFBR-25X3 receiver. contributes to increased pulse width distortion of the receiver 
Total lead length between both ends of the capacitor and the output signal. 
supply pins should not exceed 20 mm. 9. Pins 5 and 8 of both the transmitter and receiver are for 

3. The propagation delay for one metre of cable is typically 5 ns. _ mounting and retaining purposes only. Do not electrically 


connect pin 5 and/or pin 8. 
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Versatile Link Design Considerations 


Simple interface circuits for 5MBd, 1MBd and 40kBd 
applications are shown in Figure 1. The value of the 
transmitter drive current depends upon the desired link 
distance. This is shown in Figures 2a through 2f. After 
selecting a value of transmitter drive current, Ir, the value 
of R1 can be determined with the aid of Figures 1a, 1b and 
1d. Note that the 5MBd and 40kBd Versatile Links can 
have an overdrive and underdrive limit for the chosen 
value of I- while the 1MBd Versatile Link has only an 
underdrive limit. Dotted lines in Figures 2a through 2f 


+1) 4.7 pF 
Vcc a, 





HFBR- 1521/1531 


HFBR- 1522/1532 
DATA 


HFBR- 1524/1534 


IF 
R1C1>75 ns 


1b. Required 1 MBd Interface Circuit; 


HFBR-1523/1533 





1d. Typical 40 kBd Interface Circuit; 













R1 = Mecy VF - Vow (75451) 


represent pulsed operation for extended link distance re- 
quirements. For the 1 MBd interface circuit, the R1C1 time 
constant must be > 75ns. Conditions described in Note 1 
must be met for pulsed operation. Refer to Note 8 for 
performance comments when pulsed operation is used. 


All specifications are guardbanded for worst case condi- 
tions between 0 to 70 degrees centigrade. All tolerances 
and variations (including end-of-life transmitter power, 
receiver sensitivity, coupling variances, connector and cable 
variations) are taken into account. 





HFBR- 2521/2531 (5 MBd- HIGH PERFORMANCE LINK) 


HFBR-~ 2522/2532 (1 MBd- HIGH PERFORMANCE LINK) 


HFBR- 2524/2534 (1 MBd- STANDARD LINK) 















ANODE 
CATHODE 
OPEN 
OPEN 

DO NOT CONNECT* 


GND 
Vcc 











Ri 
DO NOT CONNECT* 








CON Ooh an — 





DO NOT CONNECT*) DO NOT CONNECT* 


*SEE NOTE 9 PG.6 


1c. Electrical Pin Assignments for 5 MBd and 
1 MBd Transmitters and Receivers 





HFBR-2523/2533 (LOW CURRENT/ 
EXTENDED DISTANCE LINK) 



















ANODE Vo 
CATHODE GND 
OPEN OPEN 
OPEN 


Vec 
DO NOT CONNECT* 


DO NOT CONNECT* 








ONO OARWNH = 


DO NOT CONNECT*| DO NOT CONNECT* 


*SEE NOTE 9 PG.6 





te. Electrical Pin Assignments for 40 kBd Transmitters and 
Receivers 
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—CABLE LENGTH—METRES 2 —CABLE LENGTH—METRES 
Figure 2a. Guaranteed System Performance for the Figure 2b. Guaranteed System Performance for the 
HFBR-15X1/25X1 and HFBR-15X2/25X2 Links HFBR-15X1/25X1 and HFBR-15X2/25X2 Links 
with Standard Cable with Improved Cable 
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Figure 2c. Guaranteed System Performance for the Figure 2d. Guaranteed System Performance for the 
HFBR-15X3/25X3 Link with Standard Cable HFBR-15X3/25X3 Link with Improved Cable 
as 
i Pa? oe i 
2 PN a ° < 
WwW ff  <0°C-70°C WwW 
: a Cs a : 
3 3 
: g 
2 = 
rad lem 
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| is 
0 10 20 30 
@ CABLE LENGTH—METRES 2 -CABLE LENGTH—METRES 
Figure 2e. Guaranteed System Performance for the Figure 2f. Guaranteed System Performance for the 
HFBR-15X4/25X4 Link with Standard Cable HFBR-15X4/25X4 Link with Improved Cable 
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HP 8007B 
PULSE 


GENERATOR 





Re 







INPUT 
MONITORING O 
NODE Vi 


1 METRE 
OUTPUT 


O MONITORING 
512 Vo NODE 








HFBR-1523/1533_ ————_»_ HFBR-2523/2533 


A) 40 kBd PROPAGATION DELAY TEST CIRCUIT 






Ri 
0.5 METRE 

















OUTPUT 
O MONITORING 
Vo NODE 
PULSE 
SENEAD TOR HFBR-1521/1531 ——————>_ HFBR-2521/2531 (5 MBd-HIGH PERFORMANCE LINK) 
HFBR-2522/2532 (1 MBd-HIGH PERFORMANCE LINK) 
B) 5 MBd PROPAGATION DELAY TEST CIRCUIT HFBR-2524/2534 (1 MBd-STANDARD LINK) 
4.7 pF 
yy 51 2 le 4 
VccO 
1500 pF Ve 2 50% 
HFBR-1522/1532 Vou 
PULSE =—=15V 
GENERATOR HFBR-1524/1534 —— VoL 
tPHL tPLH 
C) 1 MBd PROPAGATION DELAY TEST CIRCUIT D) PROPAGATION DELAY TEST WAVEFORMS 


Figure 3. Propagation Delay Test Circuits and Waveforms: a) 40 kBd, b) 5 MBd, c) 1 MBd, d) Test Waveforms 





500 500 
i 
> 400 € 400 
2 HFBR—15X2/25X2 > 
3 HFBR—-15X4/25X4 $ HFBR—15X2/25X2 
& 300 OQ 300 HHFBR—15X4/25X4 
a S 
= = 
Q . o 200 
= 200 g 
u re) 
3 3 \ 
“100 , 100 SSESty 
: 
-25 -25 -20 ae -10 -5 0 
Pr — INPUT OPTICAL POWER — dBm Pp — INPUT OPTICAL POWER — dBm 
Figure 4. Typical HFBR-15X1/25X1, HFBR-15X2/25X2 and Figure 5. Typical HFBR-15X1/25X1, HFBR-15X2/25X2 and 
HFBR-15X4/25X4 Link Pulse Width Distortion HFBR-15X4/25X4 Link Propagation Delay 
vs. Optical Power vs. Optical Power 
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tp — PULSE WIDTH DISTORTION — us 











PR — INPUT OPTICAL POWER, dBm 


Figure 6. Typical HFBR-15X3/25X3 Link Pulse Width 
Distortion vs. Optical Power _ 


Versatile Link Photo Interrupter 


20 KHz (40 kBd) LINK, 500 kHz (1 MBd) LINK 


Versatile Link may be used as a photo-interrupter in optical 
switches, shaft position sensors, velocity sensors, position 
sensors, and other similar applications. This link is par- 
ticularly useful where high voltage, electrical noise, or 
explosive environments prohibit the use of electromechan- 
ical or optoelectronic sensors. The 20 kHz (40 kBd) trans- 
mitter/receiver pair has an optical power budget of 25dB. 
The 500 kHz (1 MBd) transmitter/receiver pair has an optical 
power budget of 10dB. Total system losses (cable attenua- 
tion, air gap loss, etc.) must not exceed the link optical 
power budget. | 







HFBR-15X3/25X3 


| 28 | 156 | 


1. Typical data is at Ty = 25°C, Voc = 5 V. 











ae ee 














tp — PROPAGATION DELAY — us 





wT) -34 -28 -22 =16 -10 


PR — INPUT OPTICAL POWER — dBm 


Figure 7. Typical HFBR-15X3/25X3 Link Propagation 
Delay vs. Optical Power — 


RECOMMENDED OPERATING CONDITIONS 


Recommended operating conditions are identical to those 
of the Low Current/Extended Distance and High Perform- 
ance 1 MBad links. Refer to page 5-15. 


SYSTEM PERFORMANCE 


These specification apply when using Standard and 
Improved cable and, unless otherwise specified, under 


recommended operating conditions. Refer to the 


appropriate link data on pages 5-17 and 5-18 for additional 
design information. 


[Parameter |= Min. | Typ.) | Max. | Units | Conditions =| Rete 


eo 
ee 
ake La 





lede = 60 MA, 25°C 


2. Optical Power Budget = P; min. = Pp (L) min. Refer to page XX for additional design information. 
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Photo Interrupter Link Design Considerations 


The fiber optic Transmitter/Receiver pair is intended for 
applications where the photo interrupter must be physi- 
cally separated from the optoelectronic emitter and detector. 
This separation would be useful where high voltage, elec- 
trical noise or explosive environments prohibit the use of 
electronic devices. To ensure reliable long term operation, 
link design for this application should operate with an 
ample optical power margin ay = 3dB, since the exposed 
fiber ends are subject to environmental contamination that 
will increase the optical attenuation of the slot with time. A 
graph of air gap separation versus attenuation for clean 
fiber ends with minimum radial error < 0.127 mm (0.005 
inches) and angular error (<3.0°) is provided in Figure 8. 
The following equations can be used to determine the 


HFBR-15X3 PLASTIC CABLE HFBR-25X3 
HFBR- 15X2 HFBR-4501/4511 CONNECTORS HFBR-25X2 


pel be | 


20 










SEPARATION 





15 


QSLOT LOSS — dB 
3 


AXIAL SEPARATION mm 


Figure 8. Typical Loss vs. Axial Separation. 
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transmitter output power, Py, for both the overdrive and 
underdrive cases. Overdrive is defined as a condition where 
excessive optical power is delivered to the receiver. The 
first equation calculates, for a predetermined link length 
and slot attenuation, the maximum Py in order not to 
overdrive the receiver. The second equation defines the 
minimum Py allowed for link operation to prevent under- 
drive condition from occurring, where ag is the fiber 
attenuation. 


Py (MAX) - Pp (MAX) S ao min 2+ @SLoT Eq. 1 
Py (MIN) - Par (MIN) 2 ao max 2+ @sLot + om Eq. 2 


Once Py (MIN) has been determined in the second equation 
for a specific link length (2), slot attenuation (ag_or) and 
margin (ay). Figure 9 can then be used to find Ir. 








Py -OUTPUT OPTICAL POWER—dBm 





13 Irae — TRANSMITTER DRIVE CURRENT — mA 


Figure 9. Typical HFBR-15X3/15X2 Optical Power 
vs. Transmitter I; (0-70°C) 
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versatile Link Mechanical Dimensions 4) cimensions in mm (inches) 


HORIZONTAL MODULES 


HFBR-1521/1522/1524 (GRAY), HFBR-1523 ace 
HFBR-2521/2522/2523/2524 (BLUE) . 


(0. 080) 
4.2 
0.64 (0.165) 
(0.025) 





(0. 00) 


-) 3.81 (0.150) MAX. 
7.62 56 (0.140) MIN. 1.27 
: - 050) 





2.8 


vay Z 


(0.073) 


VERTICAL MODULES 


HFBR-1531/1532/1534 (GRAY, HFBR-1533 (BLACK) 
HFBR-2531/2532/2533/2534 (BLUE) 








Se |e 
1.02 | 3.56 
(0.040) | (0.140) 
5.1 
10.2 (0.200) 


2.0 (0.400) 


| 18.3 4 
6.8 (0.720) 


1.73 
aa 


i . (0 060) : 0.64 pia. 
3.81 (0.150) MAX. _ (0.025) 
| q 


3.56 (0.140) MIN. 


aga 3.81 
0.51 : 
(0.020) (0.100) (0.150) 
OPTIONAL MOUNTING HOLE |. 
FOR #2 SELF- TAPPING SCREW 3.81 —>| 
(METRIC EQUIVALENT M2.2 x 0.45) (0.150) 


HFBR-4501 (GRAY)/4511 (BLUE) SIMPLEX CONNECTOR 


7.6 (0.300)¢ 
CRIMP RING 
3.8 (0.150)¢ 


2.2 (0.090)¢ 





Fi 
—>| <«—4,57 (0.180) 


19.1 (0.750) —> 
25.4 (1.00) 
CONNECTORS DIFFER ONLY IN COLOR 


All dimensions +0.25 mm unless otherwise specified. 


HFBR-4516 (PARCHMENT) DUPLEX LATCHING CONNECTOR: 


10.2 gga + (043)> 
+c iil 1 


+<—___—--32 (1. chs 


<——____—_——-38.1 (1.50) 


<—_———28.2 (1.11) 
nn .3 (0.290) 


3.8 (0.150) - 
6.9 (0.280) 


DUPLEX 
CRIMP 


















~t————- 4.57 (0.180) 








5.1(0.200) 


8.9(0.350) 





33.0(1.300) 


28.2(1.110) 
ie 7.3(0.290) 














pa 4.57(0.180) 






3.8(0.150) ¢ 
5.8(0.230) 
8.9(0.350) 


HFBR-4506 (PARCHMENT) DUPLEX CONNECTOR 


CRIMP RING 






10.2(0.400) 


4.57(0.180) 
12.2 (0.480) 
<+—_—__—_—— 32 (1.260) 


Lf 1 (1.500) —————___—> 


=—— 3.8(0.150) ¢ 


5.8 (0.230) 
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BULKHEAD FEEDTHROUGH WITH TWO HFBR-4501/4511 
CONNECTORS 


51 7 
(2.010) REF: 


27.7 23.4 
(1.090) iG . (0.920) , 


=o 


i | MAX. WALL THICKNESS: 
4.1 (0.160) 








PANEL MOUNTING — BULKHEAD FEEDTHROUGH 


THREE TYPES OF PANEL/BULKHEAD HOLES CAN BE USED. 


DIMENSIONS IN mm (INCHES) 
ALL DIMENSIONS +0.2 mm 


3.2 
(0.125) be 


6.4 
Cotto MIN: 
ae 4 


DOUBLE ‘D’ 
7.9 (0.312) DIA. MIN. 


‘D’ HOLE 
7.9 (0.312) DIA. MIN. 


7.9 (0.312) 
HOLE MIN. 


HFBR-4505 (GRAY)/4515 (BLUE) ADAPTERS 





79 
(0.310) 


FIBER OPTIC CABLE DIMENSIONS 


Simplex 


2.2 


pe 





DIMENSIONS IN MILLIMETRES AND (INCHES) 


Versatile Link Printed Circuit Board Layout Dimensions 
TOP VIEWS 


HORIZONTAL MODULE 





7.62 
(0.300) 
2.54 
(0.100) 1.01 (0.040) DIA 
& —s 
1 
TOP VIEWS 





VERTICAL MODULE 


7.62 
(0.300) 


2.54 
_—_— 
(0.100) 


01 
(0.040)D!A 2.25 (0.090) CLEARANCE 
HOLE FOR OPTIONAL 
VERTICAL MOUNT 
SELF- TAPPING SCREW #2. 
3.81 
(0.150) 






1.73 


(0.068)™'N 


(0.150) 


oS i; aot 6.4 
tet 5/16-32 Pe (0.250)° 
UNEF-2A—7  T*"(0.500) : Ps 
9.1 
(0.375 


11.0 
DIA. MAX. (0.420) 


DIMENSIONS IN MILLIMETRES AND (INCHES) 


ELECTRICAL PIN FUNCTIONS 













TRANSMITTERS RECEIVERS 
EXCLUDING 
HFBR-15XX - 
Vo 








HFBR-25X3 
ANODE 
CATHODE GROUND 
OPEN | OPEN 
OPEN Vcc 


DO NOT CONNECT | DO NOT CONNECT 
DO NOT CONNECT | DO NOT CONNECT 
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RECEIVER 
HFBR-25X3 
Vo 







DO NOT CONNECT 
DO NOT CONNECT 
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Interlocked (Stacked) Assemblies 


STACKING HORIZONTAL MODULES Recommended stacking assembly of horizontal packages 
is easily accomplished by placing units upside down with 
pins facing upward. Initially engage the interlocking mecha- 
nism by sliding the L bracket body from above into the L 
slot body of the lower package. Lay the partially interlocked 
units on a flat surface and push down with a thin, rigid, 
rectangular edged object to bring all stacked units into 
uniform alignment. This technique prevents potential harm 
that could occur to fingers and hands of assemblers from 
the package pins. Refer to Figure 1 below that illustrates 
this assembly. Stacked horizontal packages can be dis- 
engaged should there be a need to do so. Repeated stack- 
ing and unstacking causes no damage to individual units. 





! 10.16 0.127, PIN TO IDENTICAL PIN OF 
(0.400 +0.005) ADJACENT PACKAGE SPACING 


MAXIMUM OF EIGHT INTERLOCKED PACKAGES. 


STACKING VERTICAL MODULES Recommended stacking of vertical packages is to hold two 
a vertical units, one in each hand, with the pins facing away 
from the assembler and the optical ports located in the 
bottom front of each unit. Engage completely, the L bracket 


unit from above into the lower L slot unit. Package to 
nackage alignment is easily insured by laying the full, flat, 
bottom side of the assembled units onto a flat surface 
pushing with a finger the two packages into complete, 
parallel alignment. The thin rectangular edged tool, used 
for horizontal package alignment, is not needed with the 
vertical packages. Stacked vertical packages can be dis- 
engaged should there be a need to do so. Repeated stack- 
ing and unstacking causes no damage to individual units. 














iP 
ut 






¢ SS 


| 10.16 0.127 ;PIN TO IDENTICAL PIN OF 
(0.40) + 0.005) ADJACENT PACKAGE SPACING 


a MAXIMUM OF EIGHT INTERLOCKED PACKAGES. 






\ 











THIN, RECTANGULAR EDGE 
ASSEMBLY TOOL 






Figure 11. Interlocked (Stacked) Horizontal or Vertical Packages. 
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Versatile Link Transmitters 


HFBR-1521/1531 (5 MBd - High Performance) 
HFBR-1522/1532 (1 MBd - High Performance) 
HFBR-1523/1533 (40 kBd - Low Current/Extended 
Distance) 

HFBR-1524/1534 (1 MBd - Standard) 


Versatile Link transmitters incorporate a 660 nanometre 
LED in a horizontal or vertical housing. The HFBR-15X3 
transmitter housing is black. HFBR-15X1/2/4 standard 
housings are gray, but black versions are available. The 
transmitters can be easily interfaced to standard TTL or 
CMOS logic. The optical output power of the HFBR- 
152X/153X series is specified at the end of 0.5 m of cable. 
The mechanical and electrical pin spacing and connections 
are identical for both the horizontal and vertical packages. 


Absolute Maximum Ratings 


Storage Temperature 
Operating Temperature 





HFBR-152X/153X SERIES TRANSMITTERS 





DO NOT CONNECT* 


ANODE 
CATHODE 
N.C. 


N.C. 


5 DO NOT CONNECT* 
*SEE NOTE 7 


8 
E 
ro) 
ra] 
a 





Electrical/ Optical Characteristics oc to +70°c Unless Otherwise Specified. 
HFBR-15X1 i 
Transmitter Output MEBR ISKe p36] | -4.5 lFdc = 60 mA, 0-70°C 
and Pr 


Optical Power ; | 
iced HFBR-15X3 11.2 | -51 | dBm | Ipge = 60 mA, 25°C 
















HFBR-15X4 Pry | 
Output Optical Power APy -0.85 %/°C 
Temperature Coefficient AT 
Forward Voltage AVer -1.37 mvV/°C _ Fig. 1 
Temperature Coefficient AT it 
Effective Diameter D+ i mm | — : . 
| LV] tede = 10 WA, Ta = 25°C 
Diode Capacitance . a pF Ve = 0, f = 1 MHz 
Fall Time Con 
Notes: . . 
1. 1.6mm below seating plane. ducer), terminated to a 50 ohm input of a wide bandwidth 
2. 1s pulse, 20 us period. oscilloscope, is used for this response time measurement. 


'3. Measured at the end of 0.5 m Standard Fiber Optic Cable with 
large area detector. 
4. Optical power, P (dBm) = 10 Log [P (uW)/1000 pW]. 


7. Pins 5 and 8 of the transmitter are for mounting and retaining 
purposes only. Do not electrically connect pin 5 and/or pin 8. 


5. Typical data is at 25°C. WARNING: When viewed under some conditions, the optical port 

6. Rise and fall times are measured with a voltage pulse driving Of the Transmitter may expose the eye beyond the Maximum 
the transmitter and a series connected 50 ohm load. A wide Permissible Exposure recommended in ANSI Z-136-1, 1981. Under 
bandwidth optical to electrical waveform analyzer (trans- ost viewing conditions there is no eye hazard. 











Ve —FORWARD VOLTAGE-V 
P+ -NORMALIZED OUTPUT POWER—dB 







lege — TRANSMITTER DRIVE CURRENT (mA) lpac — TRANSMITTER DRIVE CURRENT (mA) 










Figure 12. Typical Forward Voltage vs. Drive current for Figure 13. Normalized HFBR-152X/153X Series Transmitter 
HFBR-152X/153X Series Transmitters. Typical Output Optical Power vs. Drive Current. 
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Versatile Link Receivers 


HFBR-2521/2531 (5 MBd - High Performance) 
HFBR-2522/2532 (1 MBd - High Performance) 
HFBR-2524/2534 (1 MBd - Standard) 


The Versatile Link receivers feature a shielded, integrated 
photodetector and a wide bandwidth dc amplifier with high 
EMI immunity. A Schottky clamped open-collector output 
transistor allows interfacing to common logic families and 
enables “wired-OR’” circuit designs. The open collector out- 
put is specified up to 18 V. An integrated 1000 ohm resistor 
internally connected to Voc may be externally connected to 
provide a pull-up for ease of use with +5 V logic. Under 


Absolute Maximum Ratings 


HFBR-25X1/25X2/25X4 RECEIVER 
DO NOT CONNECT* 5 
Rt 
Vec 


GROUND 





Vo 


DO NOT CONNECT* 8 *SEE NOTE 7 


pulsed LED current operation (If > 80 mA), the combination 
of a high optical power level and the optical falling edge of 
the LED transmitter will result in increased pulse width dis- 
tortion of the receiver output signal. The standard receiver 
housings are blue; black versions are available. 





st 


Electrical/Optical Character 






























Low Level Supply Current 


Effective Diameter 


Numerical Aperture ONAL 
Internal Pull-Up Resistor 68 





and PRiL) 
HFBR-2531 
Receiver Input Optical : 
Power Level for HFBR-2522 es 
Logic “0” and PRL) 
HFBR-2532 24 
HFBR-2524 -20 
and Pp (L) 
HFBR-2534 -20 
Input Optical Power Level p 
for Logic “1” R (H) 
High Level Output Current 
Low Level Output Voltage Po 
VoL 
High Level Supply Current 
ICCH 


z 
> 


Oo 
on 


CS 0°C to +70°C, 4.75V < Vec < 5.25 V Unless Otherwise Specified 


| Units Conditions Ref. 


Typ.{5] 








25°C, Vo. = 6.5V 
lot =8mA 


oe | Gera 1} Ok= ee! 
lo. =8mA Notes 2, 
o a 3,8 
25°C, Vo. = 0.5V ; 
VoL = 0.5V 
dBm 
A lor =8mA Notes 2 
o 7 3, 8,9 
dBm | 25°C: Vor =0.5V 
lo. = 8mA 
dBm 
Notes 2 
= : ; 







fh 
o> 
fon 
eu 
3 


0 


& 


3 


on 
oO) 
wo 


NO 
— . 
Oo 








Voc = 525 V, 


: PR =-12.5dBm 





: es 
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Notes: 
1. 1.6 mm below seating plan. of the capacitor and the pins should not exceed 20 mm. 


2. Optical flux, P (dBm) = 10 Log [P (uW)/1000 pW). . 7. Pins 5 and 8 of both the transmitter and receiver are for mounting and 
3. Measured at the end of Fiber Optic Cable with large area detector. retaining purposes only. Do not electricaily connect pin 5 and/or pin 8. 
detector. 8. Pulsed LED operation at IF > 80 mA will cause increased link tp, y 
4. R, is open. propagation delay time. This extended tp, time contributes to in- 
5. Typical data is at 25°C, Voc =5 V. | creased pulse width distortion of the receiver output signal. 
6. It is essential that a bypass capacitor 0.01 uF be connected from 9. The LED driver circuit of Figure 1b (Link Design Considerations) 
pin 2 to pin 3 of the receiver. Total lead length between both ends is required for 1 MBd operation of the HFBR-2522/2532/2524/2534. 


High Sensitivity Receiver HFBR-25x3 RECEIVER 
HFBR-25X3 | . DO NOT candy 


The blue plastic HFBR-25X3 Receiver module has a sensi- 
tivity of -39 dBm. It features an integrated photodetector 
and dc amplifier with high EMI immunity. The output is an 
open collector with a 150 wA internal current source pull- 
up and is compatible with TTL/LSTTL and most CMOS 
logic families. For minimum rise time ada an external pull- 
up resistor of at least 3.3K ohms. Vcc must be greater than DO NOT CONNECT* 

or equal to the supply voltage for the puli-up resistor. *SEE NOTE & 


Vec 


OPEN 


GROUND 


Vo 





Absolute Maximum Ratings 







+19 


260 2G Note 1 












Parameter 


Receiver Input Optical HFBR-2523 
Power Level for and 
Logic “0” HFBR-2533 | 











PR (L) -39 







—~13.7 | dBm | Vo=VoL 
lo. = 3.2 mA 


-13.3 | dBm 25°C, Vo = VoL 
loc = 3.2 mA 


Input Optical Power Level PR (H) 53 dB VOH = 5.5V, 
for Logic “1” loH S40 pA 












m 
| High Level Output Voltage | VoH | 2.4 V loH =-40 pA 
PR=0 uW 
| Low Level Output Voltage VOL V lo. =3.2 mA, Note6 | 
| PR = PRL MIN 


a 

29 3.7 mA Voc = 5.5V, Note 6 
ee ee ee ee 
oe | |emm | 
es a 


icon | 

Low Level Supply Current 
| DR ra aa 
aa 






Effective Diameter 


Numerical Aperture 


Notes: 
1. 1.6 mm below seating plan. . 5. Typical data is at 25°C, Voc = 5 V. 
2. Optical flux, P (dBm) = 10 Log P (wW)/1000 pW. 6. Including current in 3.3 K pull-up resistor. 
3. Measured at the end of Fiber Optic Cable with large area detector. 7. It is recommended that a bypass capacitor 0.01 uF to 0.1 uF ceramic be 
4. Because of the very high sensitivity of the HFBR-25X3, the digital connected from pin 2 to pin 4 of the receiver. 
output inay switch in response to ambient light levels when a cable is 8. Pins 5 and 8 are for mounting and retaining purposes only. Do not 
not occupying the receiver optical port. The designer should take care electrically connect pin 5 and/or pin 8. 


to filter out signals from this source if they pose a hazard to the system. 
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Plastic Fiber Optic Cable 


Simplex Fiber Optic Cable is constructed of a single step 
index plastic fiber sheathed in a plastic jacket. Duplex Fiber 
Optic Cable has two plastic fibers, each in a cable of 
construction similar to the Simplex Cable, joined with a 
web. The individual channels are identified by a marking 
on one channel of the cable. The Improved Fiber Optic SIMPLEX CABLE 
Cable is identical to the Standard Cable except that the 
attenuation is lower. 





These cables are UL recognized components and pass UL 
VW-1 flame retardancy specification. Safe cable properties 
in flammable environments, along with non-conductive elec- 
trical characteristics of the cable may make the use of 
conduit unnecessary. Plastic cable is available unconnec- 
tored or connectored. Refer to page 5-34 for part numbers. 
numbers. 





DUPLEX CABLE 


Absolute Maximum Ratings 


[storage Temperature YS 
a 




















raeower [ imat[ 
PRunercaiAvewe | WAL | os | 
foumeercoe | Oe | | to | 
Se 
Praline comida] [80 | [owe 
pe [om [we 
ia ok 









Source is HFBR-152X/153X 
(660 nm), 2= 20m 





Cable Attenuation 









Mass per Unit Length/Channel 
Cable Leakage Current 





Notes: 

1. Less than 30 minutes. velocity of light in space (3 x 108 m/s) and n equals effective core 

2. Less than 1 hour, non-operating. index of refraction. Unit length of cable is Q. 

3. 90° bend on 10 mm radius mandrel. Bend radius is the radius 7. In addition to standard Hewlett-Packard 100% product testing, HP 
of the mandrel around which the cable is bent. provides additional margin to ensure link performance. Under certain 

4. Tested at 1 impact according to MIL-STD-1678, Method 2030, conditions, cable installation and improper connectoring may reduce 
Procedure 1. performance. Contact Hewlett-Packard for recommendations. 

5. Typical data is at 25°C. 8. Improved cable is available in 500 metre spools and in factory- 

6. Travel time constant is the reciprocal of the group velocity for propa- connectored lengths less than 100 metres. 


gation of optical power. Group velocity is v = c/n, where c is the 
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Versatile Link 


Fiber Optic Connectors _ 


CONNECTORS ; 
FEEDTHROUGH/SPLICE 
POLISHING TOOLS 


Versatile Link transmitters and receivers are compatible 
with three connector styles; simplex, simplex latching, and 
duplex. All connectors provide a snap-action when mated 
to Versatile Link components. Simplex connectors are color 
coded to match with transmitter and receiver color coding. 
Duplex connectors are keyed'so that proper orientation is 
ensured. When removing a connector from a module, pull 
at the connector body. Do not pull on the cable alone. The 
same, quick and simple connectoring technique is used with 
all connectors and cable. This technique is described on page 
18. Note that simplex and duplex crimp rings are different. 


Simplex Connector Styles 
HFBR-4501/4511 — Simplex 


The simplex connector provides a quick and stable 
connection for applications that require a component to 
provide retention force of 8 newtons (1.8 Ib). These con- 
nectors are available in colors of gray (HFBR-4501) or 
blue (HFBR-4511). 


HFBR-4503/4513 — Simplex Latching 


The simplex latching connector is designed for rugged 
applications requiring greater retention force, 80N (18 Ibs), 
than that provided by a simplex connector. When inserting 
the simplex latching connector into a module, the connector 
latch mechanism should be aligned with the top surface of 
the horizontal module, or with the tall vertical side of the 
vertical module. Misorientation of an inserted latching con- 
nector into either module housing will not result in a 
positive latch. The connector is released by depressing the 
rear section of the connector lever, and then pulling the 
connector assembly away from the module housing. 


If the cable/connector will be used at elevated operating 
temperatures or experience frequent and wide temperature 
cycling effects, the cable/connector attachment can be 
strengthened by applying a RTV adhesive within the con- 
nector. A recommended adhesive is GE Company RTV- 
128. In most applications, use of RTV is unnecessary. The 
simplex latching connector is available in gray (HFBR- 
4503) or blue (HFBR-4513). 


Duplex Connector HFBR-4506 — Duplex 


Duplex connectors provide convenient duplex cable termi- 
nation and are keyed to prevent incorrect connection. The 
duplex connector is compatible with dual combinations of 
identical Versatile Link components (e.g., two horizontal 
transmitters, two vertical receivers, a horizontal transmitter 
and a horizontal receiver, etc.). A duplex connector cannot 
connect to two different packages simultaneously. The 
duplex connector is an off-white color. 


Feedthrough/Splice HFBR-4505/4515 — Adapter 


The HFBR-4505/4515 adapter mates two simplex connec- 
tors for panel/bulkhead feedthrough of plastic fiber cable. 
Maximum panel thickness is 4.1 mm (0.16 inch). This adapter 
can serve as a cable in-line splice using two simplex 
connectors. The colors of the adapters are gray (HFBR- 
4505) and blue (HFBR-4515). The adapter is not compatible 
with the duplex or simplex latching connectors. 





Notes: 
1. Recommended nut torque is 0.57 N-m (80 OzF-in). 


HFBR-4501 (GRAY)/4511 (BLUE) SIMPLEX CONNECTOR 


ofall 


SIMPLEX CRIMP RING 


HFBR-4503 (GRAY)/4513 (BLUE) 
SIMPLEX LATCHING CONNECTOR 


SIMPLEX 
CRIMP RING 


CT non J E-4 


HFBR-4506 (PARCHMENT) DUPLEX CONNECTOR 





DUPLEX 
CRIMP RING 
HFBR-4516 (PARCHMENT) DUPLEX 
LATCHING CONNECTOR 
DUPLEX 


CRIMP 
4/ RING 


HFBR-4505 (GRAY)/4515 (BLUE) ADAPTER 


| = 


(USE WITH SIMPLEX CONNECTORS ONLY) 
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Connector Applications 


ATTACHMENT TO HEWLETT-PACKARD HFBR-152X/153X/252X/253X VERSATILE LINK FIBER OPTIC COMPONENTS 





2.4 (0.95) 


—_—_—_— | 


<«— 2.4(0.95) 








= 


=~" off a 7 
SIMPLEX o HORIZONTAL 
CONNECTOR a ? PACKAGE 
~ 


29.3 (1.155) 
nd area 
VERTICAL 
29.3 (1.155) —— Mian 
SIMPLEX aes | 
LATCHING @ | Pal ; 1 HORIZONTAL 
I 37.0 (1.455) 
37.0 (1.455) ; 
VERTICAL 


PACKAGE 


ges | eer, 
DUPLEX TWO STACKED 
HORIZONTAL 
CONNECTOR PACKAGES 42.0 (1.655) 





TWO STACKED 


~ ° 
~r-4 
42.0 (1.655) eae 








VERTICAL 
PACKAGES 
DIMENSIONS IN MILLIMETRES (INCHES) 
aor 
DUPLEX ; ° TWO STACKED 
coNNEETOR HORIZONTAL 
=e PACKAGES 42.0 (1.655) f 
~~ _? by 
=r i. 
| ‘ | 4| 
42.0 (1.655) so TWO STACKED 
VERTICAL 
PACKAGES 


DIMENSIONS IN MILLIMETRES (INCHES) 


BULKHEAD FEEDTHROUGH OR PANEL MOUNTING FOR HFBR-4501/4511 SIMPLEX CONNECTORS 


— foe crore THICKNESS 4.1 (0.16) 


ED 


5-31 





IN-LINE SPLICE FOR HFBR-35XX/36XX FIBER OPTIC CABLE WITH HFBR-4501/4511 SIMPLEX CONNECTORS 


51.1 








~ (2.010) 





DIMENSIONS IN MILLIMETRES (INCHES) 


Connector Mechanical/Optical Characteri 


| Retention Force 
Connector to 
HFBR-152X 153X/ 
252X/253X Modules 


Tensile Force 
Connector to 
Cable 


Adapter Connector 
to Connector Loss 


Retention Force 
Connector to Santer | HFBR-4505/4516 with HFBR-4501/4511_ 


Insertion Force 
Connector to 
HFBR-152X/153X/ 
252X/253X Modules 


Notes: 
1. Factory polish or field polish per recommended procedure. 


stic 
a ae 

ea 
. 

"a 


HFBR-4505/4515 with | HFBR-4505/4615 with HFBR-4501/4511 | 


Duper |wronaene | | 


Notes 2, 4 





2. No perceivable reduction in insertion force was observed after 2000 insertions. Destructive insertion force was typically at 178N 


(40 Ibs). 


3. For applications where frequent temperature cycling over feinperatite extremes is expected please contact Hewlett-Packard for 


alternate connectoring techniques. 


4. All mechanical forces were measured after units were stored at 70°C for 168 hours and returned to 25°C for one hour. 
S. Minimum and maximum limits of acc are for 0°C to 70°C temperature range. Typical value of acc is at 25°C. 


Connectoring 


The following easy procedure describes how to make cable 
terminations. It is ideal for both field and factory installation. 
If a high volume connectoring technique is required please 
contact your Hewlett-Packard sales engineer for the recom- 
mended procedure and equipment. 


Connectoring the cable is accomplished with the Hewlett- 
Packard HFBR-4593 Polishing Kit consisting of a Polishing 
Fixture, 600 grit abrasive paper and 3-um pink lapping film 
(83M Company, OC3-14). No adhesive material is needed to 
secure the cable in the connector, and the connector can 
be used immediately after polishing. Improved connector 


to cable attachment can be achieved with the use of a RTV ; 


(GE Company, RTV-128) adhesive for frequent, extreme 
temperature cycling environments or for elevated tempera- 
ture Operation. 
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Connectors may be easily installed on the cable ends with 
readily available tools. Materials needed for the terminating 
procedure are: 


1) Hewlett-Packard Plastic Fiber Optic Cable 

2) HFBR-4593 Polishing Kit 

3) HFBR-4501/4503 Gray Simplex/Simplex Latching Con- 
nector and Silver Color Crimp Ring 

4) HFBR-4511/4513 Blue Simplex/Simplex Latching Con- 
nector and Silver Color Crimp Ring 

5) HFBR-4506 Parchment Duplex Connector and Duplex 
Crimp Ring 

6) Industrial Razor Blade or Wire Cutters 

7) 16 Gauge Latching Wire Strippers 

8) Crimp Tool, HFBR-4597 

Step 1 

The zip cord structure of the duplex cable permits easy 

separation of the channels. The channels should be sep- 


arated approximately 50 mm (2.0in.) back from the ends to 
permit connectoring and polishing. 


After cutting the cable to the desired length, strip off 
approximately 7mm (0.3in.) of the outer jacket with the 16 
gauge wire strippers. Excess webbing on duplex cable may 
have to be trimmed to allow the simplex or simplex latching 
connector to slide over the cable. 


When using the duplex connector and duplex cable, the 
separated duplex cable must be stripped to equal lengths 
on each cable. This allows easy and proper seating of the 
cable into the duplex connector. 


7mm x 


Le, 
Step 2 


Place the crimp ring and connector over the end of the 
cable; the fiber should protrude about 3mm (0.12 in.) 
through the end of the connector. Carefully position the 
ring so that it is entirely on the connector with the rim of 
the crimp ring flush with the connector, leaving a small 
space between the crimp ring and the flange. Then crimp 
the ring in place with the crimping tool. One crimp tool is 
used for all connector crimping requirements. 

Note: Place the gray connector on the cable end to be 
connected to the transmitter and the blue connector on the 
cable end to be connected to the receiver to maintain the 
color coding (both connectors are the same mechanically). 
For duplex connector and duplex cable application, align 
the color coded side of the cable with the appropriate 
ferrule of the duplex connector in order to match connec- 
tions to the respective optical ports. The simplex connector 
crimp ring cannot be used with the duplex connector. The 
duplex connector crimp ring cannot be used with the 
simplex or simplex latching connectors. The simplex crimp 
has a dull lustre; the duplex ring is shiny and has a thinner 
wall. 


SIMPLEX 


oe aes hall 


CRIMP RING 


SIMPLEX LATCHING 


a \ SIMPLEX 
CRIMP RING 
DUPLEX/DUPLEX LATCHING | 


ES 










DUPLEX 
CRIMP RING 


Step 3 

Any excess fiber protuding from the connector end may be 
cut off; however, the trimmed fiber should extend at least 
1.5mm (0.06 in.) from the connector end. 
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Insert the connector fully into the polishing fixture with the 
trimmed fiber protruding from the bottom of the fixture. 
This plastic polishing fixture can be used to polish two 
simplex connectors or two simplex latching connectors 
simultaneously, or one dupiex connector. 


Note: The four dots on the bottom of the polishing fixture 
are wear indicators. Replace the polishing fixture when any 
dot is no longer visible. 


Place the 600 grit abrasive paper on a flat smooth surface. 
Pressing down on the connector, polish the fiber and the 
connector using a figure eight pattern of strokes until the 
connector is flush with the bottom of the polishing fixture. 
Wipe the connector and fixture with a clean cloth or tissue. 


FIBER END 


I 


1.5mm 
MINIMUM 


Step 4 

Place the flush connector and polishing fixture on the dull 
side of the 3 micron pink lapping film and continue to 
polish the fiber and connector for approximately 25 strokes. 
The fiber end should be flat, smooth and clean. 


The cable is now ready for use. 


Note: Use of the pink lapping film fine polishing step 
results in approximately 2dB improvement in coupling 
performance of either a transmitter-receiver link or a bulk- 
head/splice over 600 grit polish alone. This fine polish is 
comparable to Hewlett-Packard factory polish. The fine 
polishing step may be omitted where an extra 2dB of 
optical power is not essential, as with short link lengths. 
Proper polishing of the tip of the fiber/connector face 
results in a tip diameter between 2.8 mm (0.110 in.) minimum 
and 3.2mm (0.125 in.) maximum. | 


POLISHING 
FIXTURE 





POLISHING PAPER 


For simultaneous multiple connector polishing techniques 
please contact Hewlett-Packard. 







HFBR-4593 POLISHING KIT 


600 GRIT ABRASIVE PAPER 


3 um LAPPING FILM 


(USED WITH ALL CONNECTOR TYPES) 





Ordering Guide - 


TRANSMITTERS (Ty)/RECEIVERS (Rx) Pages 5-24/5-27 


Versatile Link 


5 MBd High Performance Ty 

1 MBd High Performance Ty 

40 kBd Low Current/ 
Extended Distance Tx 


1 MBd Standard Tx 


5 MBd High Performance Ry 
1 MBd High Performance R x 
40 kBd Low Current/ 
Extended Distance Rx 
1 MBd Standard Rx 


CONNECTORS 









HFBR-4501 
HFBR-4511 
HFBR-4503 






HFBR-4513 







HFBR-4516 






HFBR-4515 





HFBR-4506 


HFBR-4505 — 


‘Unit 


Horizontal © 
Modules 


HFBR-2521 


HFBR-2522 


HFBR-2523 
HFBR-2524 


HFBR-1521 
HFBR-1522 


HFBR-1523 
HFBR-1524 


Vertical 
Modules 


HFBR-2531 
HFBR-2532 


HFBR-2533 
HFBR-2534 


HFBR-1531 
HFBR-1532 


HFBR-1533 
HFBR-1534 
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Gray Simplex Connector/Crimp Ring 





Blue Simplex Connector/Crimp Ring 
Gray Simplex Latching Connector with 


Crimp Ring 


Blue Simplex Latching Connector with 


Crimp Ring 


Parchment Duplex Connector with 


Crimp Ring 


euree 


Parchment Duplex Latching Connector 


with Crimp Ring 
Gray Adapter 
Blue Adapter 


EVALUATION KIT, HFBR-0501 


HFBR-1524 - 


HFBR-2524 
HFBR-4501 


HFBR-4506 
HFBR-4513 
HFBR-4505 


HFBR-0501 


ACCESSORIES 


HFBR-4522 
HFBR-4525 


HFBR-4526 > 


HFBR-4593 


HFBR-4597 


Transmitter 
Receiver 


CONTENTS: 


Gray Simplex Connector with Crimp 


Ring 


Duplex Connector with Crimp Ring 

5 metres of Connectored Simplex Cable 
with Blue Simplex and Gray Simplex 
Latching Connectors 
Blue Simplex Latching Connector with 


Crimp Ring 
Gray Adapter 


Polishing Tool and 600 grit paper 
Data Sheet and Brochure 


500 Port Plugs 


1000 Simplex Crimp Rings 
500 Duplex Crimp Rings 
Polishing Kit (one polishing tool, two 
pieces 600 grit abrasive paper, and two 
pieces 3-um lapping film). . 


Crimping Tool 








A Note About Ordering Cable 


Four steps are required to determine the proper. ae 
number for a desired cable. 


Step 1 Select Standard or Improved Cable. 

As explained on page 5-29, two levels of attenuation are 
available: Standard and Improved. 

Step 2 Select the connector style. 

Connector styles are described on page 5-30. 

Step 3 Select Simplex or Duplex. | 

Step 4 Determine the cable length. 


To determine the appropriate part number, select the letter 
corresponding to your selection and fill in the following: 


a ae Length in Metres 


Simplex Cable =S 
Duplex Cable = D 





- Unconnectored = U 
Standard Simplex: 
Connectors = N 
Latching Simplex = L 
Duplex 
Connectors = M 
Latching Duplex = T 


Standard 
Attenuation = P 

Improved | 
Attenuation = Q 





For example: 
HFBR-PUD500 is a Standard Attenuation, Unconnectored, 
Duplex, 500 metre cable. 


HFBR-QLS001 is an Improved Attenuation, Latching Sim- 
plex Connectored, Simplex, 1 metre cable. 


HFBR-PMD010 is a Standard Attenuation, Standard Duplex 
Connectored, Duplex, 10 metre cable. 


HFBR-PND100 is a Standard Attenuation, Standard Sim- 
plex Connectored, Duplex, 100 metre cable. 


Note: 0.1 metre Standard Attenuation Simplex lengths are avail- 
able; 0.5 metre Standard Attenuation Simplex and Duplex lengths 
are also available. The ate are ordered as HFBR-xxx1DM or 
HFBR-xxx5DM. 


ATTENTION: Pre-connectored simplex cables have oppositely 
colored (GRAY vs. BLUE) connectors at the opposite ends of the 
same fiber; although oppositely colored, the connectors are 
mechanically identical. For duplex cables with simplex connec- 
tors, the same rule applies to each fiber; also, the side-by-side 
fibers at each end of the cable have oppositely colored connec- 
tors. For duplex cables with duplex connectors similar rules apply, 
so the connectors at opposite ends are oppositely keyed relative 
to the marked fiber in a duplex cable. 
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Low Cost, Miniature Fiber 
Optic Components with ST* 


and SMA Ports 


Technical Data 


Features 

e Low Cost Transmitters 
and Receivers 

e Choice of ST or SMA Ports 

¢ 820 Nanometre 
Wavelength Technology 

¢ Signal Rates up to 
150 Megabaud 

e Link Distances up to 
4 Kilometres 

¢ Specified with 50/125 um, 
62.5/125 um, 100/140um, and 
200 um PCS Fiber Sizes 

¢ Repeatable ST 
Connections within 0.2 dB 
Typical 

¢ Unique Optical Port 
Design for Efficient 
Coupling 

e Auto-Insertable and Wave 
Solderable 

¢ No Board Mounting 
Hardware Required 

e Wide Operating 
Temperature Range 
—40°C to 85°C 

e AlGaAs Emitters 100% 
Burn-In Ensures High 
Reliability 

¢ Demonstrated Reliability 
@ 40°C Exceeds 4 Million 
Hours MTBF 


*ST is a registered trademark of AT&T 
Lightguide Cable Connectors. 


Applications 

e Local Area Networks 

e Computer to Peripheral 
Links 

e Computer Monitor Links 

¢ Digital Cross Connect 
Links 

e Central Office Switch 
Links 

e PBX Links 

e Video Links 

e Modems and Multiplexers 

e Suitable for Tempest 
Systems 


Description 

The HFBR-0400 Series of 
components is designed to 
provide cost effective, high 
performance fiber optic 
communication links for 
information systems and 
industrial applications with 
link distances of up to 

4 kilometres. With the latest 
addition to the HFBR-0400 
series, the 125 MHz analog 
receiver, data rates of up to 
150 megabaud are attainable. 


Transmitters and receivers are 


directly compatible with popular 
“industry-standard” connectors: 


5-35 


HEWLETT 
PACKARD 


Uz 





HFBR-0400 ST* 
and SMA Series 








ST and SMA. They are 
completely specified with 
multiple fiber sizes; including 
50/125 um, 62.5/125 um, 100/ 
140 um, and 200 pm. 


Complete evaluation kits are 
available for ST and SMA 
product offerings; including 
transmitter, receiver, 
connectored cable, and technical 
literature. In addition, ST and 
SMA connectored cables are 
available. 





HFBR-0400 Series Selection Guide 




























SMA SMA ST ST : ST - 
Description Series! Conductive Series!?! Threaded Threaded, 
Port! Port!?] _ Conductive!?! 


Standard Transmitter HFBR-1402 


pF HFBR-1412 | HFBR-1412T 
High Power Transmitter | HFBR-1404 pm 


Notes: 

1. These products are also available unhoused. HF BR-xx3x references port product with bent leads and HF BR-xx5x references 
port product with straight leads. 

2. These products are also available unhoused. HFBR-xx4x references port product with hent. leads and HFRR-xvx&y references 
port product with straight leads. 


Literature Guide 


- Low-Cost Components for IEEE 802.3 Fiber Optic 
Inter-Repeater Links 
STConnector/CableGuide 


Contact your local HP components sales office to obtain these publications. 


















Package Information Handling and Design 


All HFBR-0400 Series Information 

transmitters and receivers are When soldering, it is advisable Clean compressed air often is 
housed in a low-cost, dual-in- to leave the protective cap on sufficient to remove particles 
line package that is made of the unit to keep the optics clean. _ of dirt; methanol on a cotton 
high strength, heat resistant, : swab also works well. 
chemically resistant, and UL Good system performance 

V-O flame retardant plastic. | requires clean port optics 

The transmitters are easily and cable ferrules to avoid 


identified by the light grey color _ obstructing the optical path. 
connector port. The receivers a 


are easily identified by the dark 
grey color connector port. (Black 
color for conductive port.) The 
package is designed for auto- 
insertion and wave soldering 

so it is ideal for high volume 
production applications. 












CAUTION: The small junction sizes inherent to the design of these 
components increases the components’ susceptibility to damage from 
electrostatic discharge (ESD). It is advised that normal static 
precautions be taken in handling and assembly of these components to 
prevent damage and/or degradation which may be induced by ESD. 
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HOUSING 


HEADER 


EPOXY BACKFILL 


LENS—WINDOW 


LED OR DETECTOR IC 


LENS-SPHERE 
(ON TRANSMITTERS ONLY) 


CONNECTOR PORT 


PORT GROUNDING PATH INSERT 


Figure 1. HFBR-0400 ST Series Cross-Sectional View 


Link Design 
Considerations 

The HFBR-14XX transmitter 
and the HFBR-24XX receiver 
can be used to design fiber optic 
data links that operate with 50/ 
125 um, 62.5/125 um, 100/ 

140 pm and 200 um PCS fiber 
cables. 


The HFBR-14X2 standard 
transmitter and the HFBR-24X2 
receiver are suitable for systems 


requiring up to 5 MBd and 2 Km. 


For higher data rate or longer 


5 MBd Link Performance 


HFBR-14XX 


+5V. SELECT Ry TO SET I 
° TRANSMITTER 


Ry IF 


NOTE: 


distance, the HFBR-14X4 high 
power transmitter and/or the 
HFBR-24X4 receiver should be 
considered. 


5 MBd Logic Link Design 
The HFBR-14X4/24X2 Logic 
Link is guaranteed to work with 
62.5/125 um fiber optic cable 
over the entire range of 0 to 
1200 metres at a data rate of de 
to 5 MBd, with arbitrary data 
format and typically less than 
25% pulse width distortion, 
when the transmitter is driven 
with I,, = 30 mA, R, = 115 Ohm 


TRANSMISSION 
DISTANCE — & 


IT IS ESSENTIAL THAT A BYPASS CAPACITOR (0.01 BF TO 0.1 uF 
CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 7 OF THE RECEIVER. 
TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR 


AND THE PINS SHOULD NOT EXCEED 20 mm. 


Figure 2. Typical Circuit Configuration 
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R= Voc — 


as shown in Figure 2. If it is 
desired to economize on power 
or achieve lower pulse 
distortion, then a lower drive 
current (I,,) may be used. The 
following example will illustrate 
the technique for optimizing I,, 


Example: Maximum distance 
required = 400 metres. From 
Figure 3 the drive current 
should be 15 mA. From the 
transmitter data V, = 1.5 V 
(max.) as shown in Figure 9. 


. B5V-15V 


: I, 15 mA 
= 233 ohm 


The curves in Figures 3, 4, and 
5 are constructed assuming no 
in-line splice or any additional 
system loss. Should the link 
consist of any in-line splices, 
these curves can still be used to 
calculate link limits provided 
they are shifted by the 
additional system loss in dB. 
For example, with 20 mA of 
transmitter drive current, 

1.6 km link distance is 
achievable. With 2 dB of 
additional system loss, 1.2 km 
link distance is achievable. 














all -40°C, +85°C Wa 
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OVERDRIV UNDERDRIVE fA | 
f| 
TYPICAL 25°C 
UNDERDRIVE 
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0 
/ | CABLE ATTENUATION | d8/km 
ras amax (-40°C, +85°C) | 5.5 
amin (-40°C, +85°C) 1.0 
atyp(+25°C) 3.3 


WORST CASE | 
-40°C, *85°C | 
‘UNDERDRIVE |/' 
+ —-— - ATYPICAL 25°C 

J | UNDERDRIVE 

















TYPICAL 265°C 
UNDERDRIVE 

































ama x (-40°C, +85°C) 
amin (-40°C, +85°C) 
aryp (+25°C) 


amax (-40°C, +85°C) 
amin (-40°C, +85°C) 
-atyp(-40°C, +85°C) 


ip TRANSMITTER FORWARD CURRENT (mA) 
Ip TRANSMITTER FORWARD CURRENT (mA) 


Ip TRANSMITTER FORWARD CURRENT (mA) 





10LOG(I/lo) NORMALIZED TRANSMITTER CURRENT (dB) 
10LOG(I/lo) NORMALIZED TRANSMITTER CURRENT (dB) 


TOLOG(I/lo) NORMALIZED TRANSMITTER CURRENT (dB) 


0 2 4 0 1 2 3 4 Oo 0.4 0.8 1.2 1.6 2 
LINK LENGTH (km) LINK LENGTH (km) LINK LENGTH (km) 
Figure 3. HFBR-1414/HFBR-2412 Figure 4. HFBR-14X2/HFBR-24X2 Figure 5. HFBR-14X4/HFBR-24X2 
Link Design Limits with 62.5/125 pm Link Design Limits with 100/140um Link Design Limits with 50/125 um 


Cable Cable Cable 
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Figure 6. Propagation Delay ' Figure 7. Typical Distortion of NRZ 
through System with One Metre EYE-pattern with Pseudo Random 
of Cable Data at 5 Mb/s (see Note 2) 
RESISTOR VALUE AS NEEDED FOR 
SETTING OPTICAL POWER OUTPUT 
y= FROM RECEIVER END OF TEST CABLE 










1N4150 





%75451 


<— 100 ns PULSE REPETITION 100 ns 
INPUT | | FREQ. = 1 MHz | 












p, _ FROM 1-METRE TIMING 
T ~ TEST CABLE ANALYSIS 
EQUIPMENT 





HFBR-2412 RECEIVER = 


Figure 8. System Propagation Delay Test Circuit and Waveform Timing Definitions 
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Logic Link Design 

up to 35 MBd 

For data rates up to 35 MBd, or 
longer distance, the HFBR-14X4 
high power transmitter and/or 
the HFBR-24X4 receiver can be 
used. The table on the following 
page summarizes the typical 
performance of a 30 MBd link. 
For more details, please refer 

to HP Application Bulletin 73 
(5954-8415). If circuit design 
assistance is needed, please 
contact your local Hewlett- 
Packard Components Field 
Sales Engineer. 


Logic Link Design 

up to 150 MBd 

For data rates of up to 150 MBd, 
the HFBR-14XX transmitters 
and the HFBR-24X6 receiver 
can be used. The table on the 
following page summarizes 

the typical performance of a 
100 MBd link. For more details, 
please refer to HP Application 
Bulletin 78. If circuit design 
assistance is needed, please 
contact your local Hewlett- 
Packard Components Field 
Sales Engineer. 


Cable Selection 

The HFBR-0400 Series can 

be used with fiber sizes such 

as 50/125 um, 62.5/125 um, 
100/140 um, 200 pm PCS, and 
1000 um Plastic. Before selecting 
a fiber type, several parameters 
need to be carefully evaluated. 


The bandwidth and attenuation 
(dB/km) of the selected fiber, in 
conjunction with the amount of 
optical power coupled into it will 
determine the achievable link 
length. The parameters that 
will significantly affect the 
optical power coupled into the 
fiber are as follows: 


a. Fiber Core Diameter. As the 
core diameter is increased, 
the optical power coupled 
increases, leveling off at 
about 250 um diameter. 


b. Numerical Aperture (NA). 
As the NA is increased, 
the optical power coupled 
increases, leveling off at 
an NA of about 0.34. 


In addition to the optical 
parameters, the environmental 
performance of the selected 
fiber/cable must be evaluated. 
Finally, the ease of installing 
connectors on the selected fiber/ 
cable must be considered. 


ST connectored fiber optic cable 
is available from a variety of 
manufacturers and distributors, 
including those listed in HP 
Technical Brief 105; ST 
Connector/Cable Guide. For 

ST Evaluation Cables from 
Hewlett-Packard, please refer 
to page 12. 
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ST Connectors 

ST connections are locking, 
vibration resistant, low loss and 
very repeatable. The HFBR- 


0400 ST Series Transmitters 


and Receivers are compatible 
with AT&T’s ST and ST-II 
Connectors and bayonet 
connectors from a variety of 
manufacturers and distributors. | 
For more information about 
ST Connectors, please refer to 
Technical Brief 105; ST 
Connector/Cable Guide. 


SMA Connectors 

The HFBR-0400 SMA Series 
Transmitters and Receivers are 
compatible with SMA type 
connectors. Depending upon the 
type of SMA connector that is 
chosen, price, performance, and 
reliability will vary. For more 
information about SMA 
connectors, please refer to 
Technical Brief 101; Fiber Optic 
SMA Connector Technology. . 





5 MBd Link Performance -40°C to +85°C unless otherwise specified 


aa ee 


Optical Power Budget HFBR-14X4/24X2 
w/50/125 ym Fiber w/50/125 um, NA = 0.2 


- HFBR-14X4/24X2 
w/62.5/125 um, NA = 0.27 
HFBR-14X2/24X2 
_ w/100/140 um, NA = 0.30 

aB HFBR-14X2/24X2 
w/200 pm PCS, NA = 0.40 
fl 


System Pulse 
Width Distortion 


Notes: 

1. Typical data at T = 25°C, V,,, = 5.0 V de, P, = 27.0 dBm. 

2. Synchronous data rate limit is based on these assumptions: a) 50% duty factor modulation, e.g., Manchester I or BiPhase 
Manchester II; b) continuous data; c) PLL Phase Lock Loop demodulation; d) TTL threshold. . 





Asynchronous data rate limit is based on these assumptions: a) NRZ data; ») arbitrary timing—no duty factor restriction; 
c) TTL threshold. 


The EYE pattern describes the timing range within which there is no macentataty of the logic state, relative to a pepecine 
threshold, due to either noise or intersymbol prop. delay effects. . 
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30 MBd Link Performance (see Application Bulletin 73 for details) 
Optical Power Budget HFBR-14X4/24X4 
w/50/125 pm Fiber w/50/125 pm, NA = 0.2 
Optical Power Budget | HFBR-14X4/24X4 
w/62.5/125 pm Fiber 5 ; w/62.5/125 pm, NA = 0.27 


Optical Power Budget HFBR-14X2/24X4 
w/100/140 um Fiber ° w/100/140 pm, NA = 0.30 


- Optical Power Budget | HFBR-14X4/24X4 
w/200 um PCS Fiber w/200 pm PCS, NA = 0.40 


Data Format NRZ Reference AB 73 for 
circuit details, Note 2, 3 


T, = 25°C 
P, =—13 dBm Peak 


= 1.0 metre 





Data Rate < 30 MBaud 
P, > -25.5 dBm Peak 


Notes: 

1. Typical data at T = 25°C, V,,, = 5.0 V de. 

2. This circuit utilizes the LT1016 comparator from Linear Technology Corporation. If operated at 5 MBd, an additional 4.5 dB 
of optical power budget can be obtained. 

3. If HFBR-24X4 is replaced with the HFBR-24X6, an additional 5.5 dB of optical power budget can be obtained at 30 MHz NRZ. 


100 MBd Link Performance (see Application Bulletin 78 for details) 















Propagation Delay 
HIGH to LOW vor 







= 1.0 metre 





Reremater | Smt | wim | ye 
Optical Power Budget OPB | 14.7 HFBR-14X4/24X6 
w/50/125 pm Fiber 50 : w/50/125 pm, NA = 0.2 

- Optical Power Budget OPB 19 HFBR-14X4/24X6 
w/62.5/125 ym Fiber 62.5 w/62.5/125 um, NA = 0.27 
Optical Power Budget OPB 19 HFBR-14X2/24X6 
w/100/140 um Fiber 100 7 w/100/140 pm, NA = 0.30 
Optical Power Budget OPB OA HFBR-14X2/24X6 
w/200 pm PCS Fiber 200 w/200 um PCS, NA = 0.40 
Data Format 20% to 100 MBaud Reference AB 78 for 
80% Duty Factor circuit details, Note 2 
Propagation Delay | 5 T, = 25°C i. | 
LOW to HIGH ‘ous | P) =-7 dBm Peak 


Notes: 


Data Rate < 100 MBaud 
P, > -31 dBm Peak 
1. Typical data at T, = 25°C, V,,, = -5.2 V de, V,, = 0 (ECL). 


2. The optical power budgets at 100 MBd were measured with an unrestricted receiver, without a Nyquist filter. A 10116 ECL line 
receiver was used in the receiver digitizing circuit. If unnecessary bandwidth is eliminated by low-pass filtering, an additional 
2 dB of link budget is attainable at 30 MBd. 
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ST Evaluation Kit 

The HFBR-0410 kit is a 

simple and inexpensive way to 
demonstrate the performance of 
Hewlett-Packard’s HFBR-0400 
ST Series transmitters and 
receivers. 


The HFBR-0410 ST Evaluation 
Kit contains the following items: 


¢ One HFBR-1412 transmitter 

@ One HFBR-2412 five 
megabaud TTL receiver 

¢ Three metres of ST 
connectored 62.5/125 tm fiber 
optic cable with low c 
ferrules 

¢ HFBR-0400 Series data sheets 

¢ HP Application Bulletin 73 

¢ ST connector and cable data 
sheets 


To order an ST Evaluation Kit, 
please specify HFBR-0410, 
Quantity 1. 


SMA Evaluation Kit 

The HFBR-0400 kit is a 

simple and inexpensive way to 
demonstrate the performance of 
Hewlett-Packard’s HFBR-0400 
SMA Series transmitters and 
receivers. 


The HFBR-0400 SMA 
Evaluation Kit contains the 
following items: 


¢ One HFBR-1402 transmitter 

¢ One HFBR-2402 five _ 
megabaud TTL receiver 

* Two metres of SMA 
connectored 1000 um plastic 
core fiber optic cable 

¢ HFBR-0400 Series data sheets 

e HP Application Bulletin 73 


To order an SMA Evaluation Kit, 
please specify HFBR-0400, 
Quantity 1. 








5-42 


Mechanical Dimensions 
HFBR-0400 SMA Series 


HFBR-X40X 


PART NUMBER 
(NOTE 3) ——— 






DATE CODE 1/4 - 36 UNS 2A THREAD 


HFBR-X41 





6.4 
(0.25) 


| | 
3.81 : 
(0.15) 2.84 
(0.10) 
PINS 1,4,5,8 


0.51 X 0.38 
(0.020 X 0.015) 





PINS 2,3,6,7 
0.46 
(0.018) D/A: 


- PIN NO. 1 
INDICATOR 


HFBR-X43X 


DATE CODE ; 


13.0 


(0.51) 


2.5 DIA PIN 
(0.10) CIRCLE 





(. ai 


4.8 
(0.19) © LL 





2.3 
8.6 
- 34) DIA (0.09) * 
mM A») 
(0.28) Rey) 
r 
lu 
3.6 way — 1/4-36 UNS 2A 
(0.14) 0.46 DIA bee Typ THREAD 
(0.018) TYP (0.10) - 2.0 
—~ (0.08) 
NOTE 2 | <b L. 
. 25 (0. 42) 7 
(0.10) "YP 4a 








—™ FF 9:16) 


DATE CODE 


HFBR-X45X 


= 


(0.51) 


2.5 DIA PIN 


(0.10) CIRCLE y 
1/4 -36 UNS 2A 
THREAD 


aN 
WS) 





(0.36) 


46 2.0 
(0.018) DIA (0.08) 


NOTE 2 





NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES). 
4.1 
(0.16) 





Mechanical Dimensions 
HFBR-0400 ST Series 


HFBR-X41X 


PART NUMBER 
(NOTE 3) 






DATE CODE 





HFBR-X41 


(0.28) ° 





3.81 J; 
(0.15) ; as 
(0. nea 





















PINS 1,4,5,8 2.54 
0.51 X 0.38 (0.10) 
(0.020 X 0.015) 
PINS 2,3,6,7 
0.46 
(0.018) 2'A 
PIN NO. 1 
INDICATOR 
HFBR-X44X anes 
16.2 
(0.64) 
49 bos, 
(0.19) TYP 
2.5 DIAPIN Ss as 
(0.10) CIRCLE 04 i 
cm? le /— (0.28) DIA (0.32) 
86 
(os DIA of 
7A 7.0 
(0.28) (0.28) DIA 
— *&F a 7 
3.6 
0.46 (0.018) 
(0.14) M 2.0 
PIN DIA ‘ane 
NOTE 2 30 
(0.12) TYP 
25 
TYP 
(0.10) se 
(0.10) 7 
HFBR-X46X bate cove 
2.5 (0.10) 8.2 
13.2 71 (0.32) 
DIA PIN es 
Giacie (0.52) /~ (0.28) OVA 
8.6 
(0.34) DIA 
a 7.1 
(0.28) ae 28) ° 
— T 
(0.36) 
NOTE 2 
2.0 
0.46 SIN DIA (0.08) 


NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES). 
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Mechanical Dimensions 
HFBR-0400T Threaded 


ST Series 


HFBR-X41XT 


PART NUMBER 
(NOTE 3) 





DATE CODE 


| x 

12.7 S 
(0.50) x | 

[) 

Ly 

<= 


a 


PINS 1,4,5,8 
0.51 X 0.38 
(0.020 X 0.015) 


3.81 
(0.15) 


PINS 2,3,6,7 


46 iA —" 


0 
(0.018) © 


PIN NO. 1 





6.35 
(0.25) 
8.4 
(0.33) 
7.6 
(0.30) 
_ 4 Sr 
7.1 10.2 
(0.28) DIA ty 5.1 (0.40) 


(0.14) 
— 
a 


= oh 


3/8 - 32 UNEF - 2A 


(0.20) t 


1.27 
(0.05) 


L 


2.54 
(0.10) 


INDICATOR 


HFBR-X44XT 


2.5 DIAPIN 
(0.10) CIRCLE 
8.6 
(0.34) DIA 1p 
7.1 
(0.28) 
NE 
3.6 0.46 (0.018) 
(0.14) mn PIN DIA 
NOTE 2 
25 
(0.10) *¥P 


2.5 DIA PIN 
(0.10) CIRCLE 





NOTE 2 
0.46 


(0.018) PIN DIA 








5.1 
_ DATE CODE hae 
18.5 | 
(0.73) 
8.4 
4.9 
(0.19) "YP 
7.6 
2.4 (0.30) 
(0.09) "YP ACROSS THREAD 
FLATS 
3/8 - 32 UNEF - 2A 
29. THREAD 
(0.08) 
3.0 
(0.12) TYP 
at 
(0.16) 
25 
0.10) "YP 
5.1 
DATE CODE “ae 





8.4 
(0.33) 
13.2 7.6 
(0.52) (0.30) 
ACROSS THREAD 
FLATS 


on 3/8 - 32 UNEF - 2A 
: THREAD 
2.0 
(0.08) 
41 
(0.16) 
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Panel Mounting Hardware 


HFBR-4401 HFBR-4411 
- 3/8 - 32 UNEF- 
1/4 — 36 UNEF - 2B THREAD 
2B THREAD 
7.87 
(0.310) ses ae Vee DIA 
1.65 
HEX-NUT 0,065) Sy, ot be (0.065) 
HEX-NUT 
7.87 TYP J 
(0.310) DIA 14.27 TYP 
_yV (0.563) DIA 


6.61 
(0.260) DIA le 0.14 


(0.005) 
WASHER 


10.41 MAX 
(0.410) DIA al 046 


INTERNAL TOOTH (0.018) 
LOCK WASHER 


(Each HFBR-4401 and HFBR-4411 kit consists of 100 nuts and 100 washers.) 


Recommended 
Chemicals for 
Cleaning/Degreasing 
HFBR-0400 Products 
Alcohols (methyl, isopropyl, 
isobutyl) 

Aliphatics (hexane, heptane) 
Other (soap solution, naphtha) 


(Do not use partially 
halogenated hydrocarbons 
(such as 1.1.1 trichloroethane), 
ketones (such as MEK), acetone, 
chloroform, ethy] acetate, 
methylene dichloride, phenol, 
methylene chloride, or N- 
methylpyrolldone. Also, HP 
does not recommend the use of 
cleaners that use halogenated 
hydrocarbons because of their 
potential environmental harm.) 


| FS 


Transmitters Receivers 





Notes: 

1. All dimensions are in millimetres and 
(inches). 

2. Unhoused products are distinguished 
by the color of the backfill epoxy used 
in construction. 
white - HFBR-14X2 
red -HFBR-14X4 
black - HFBR-24X2 
green - HF BR-24X4 
blue -HFBR-24X6 

3. Color coding; part marking is in red 
for HFBR-14XX transmitters and 
black for HFBR-24XX receivers. The 
ports are shaded as shown below. 


| 


Conductive 
Port Receivers 
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High Speed Low Cost 
Fiber Optic Transmitter 


Technical Data 





HFBR-14X2 and 

HFBR-14X4 Series 
Description increased reliability of the _ - Housed Product 
The HFBR-14XxX fiber optic transmitter. The HFBR-14X4 
transmitter contains an 820nm___ high power transmitter is pas FUNCTION 
GaAlAs emitter capable of optimized for small size fiber ites ANODE 
efficiently launching optical and typically can launch CATHODE — EE earOpe 


power into four different optical  —15.8 dBm optical power @ 60 
fiber sizes: 50/125 wm, 62.5/125 mA into 50/125 pm fiber and 





um, 100/140 um, and 200 pm —12 dBm into 62.5/125 um fiber. 
PCS. This allows the designer The HFBR-14X2 standard Tce 
flexibility in choosing the fiber transmitter typically can couple CONNECTED TO 
size. The HFBR-14XX is —11.5 dBm of optical power S HEADER 
designed to operate with the @ 60 mA into 100/140 um fiber BOTTOM VIEW pin 1 INDICATOR ane ELeCIMIGALLY 
Hewlett-Packard HFBR-24XX cable. It is ideal for large size © CONNECTED 
fiber optic receivers. fiber such as 100/140 pm. The 

high power level is useful for Unhoused Product 


The HFBR-14XX transmitter’s systems where star couplers, 


high coupling efficiency allows taps, or inline connectors create ie EUNETON 
0% 

the emitter to be driven at low large fixed losses. . | : 

current levels resulting in low oe | af 


power consumption and | a BOTTOM VIEW 











Absolute Maximum Ratings 


Parameter 
Operating Temperature 


Lead 
Soldering 
Cycle 
Forward 
Input 
Current 






Reverse Input 
Voltage 


Consistent coupling efficiency a ; 

is assured by the double-lens CAUTION: The small junction sizes inherent to the design of this 
iieal eystenic(Bieute 1). Power component increases the component's susceptibility to damage from 

op y gu electrostatic discharge (ESD). It is advised that normal static 

coupled into any of the three precautions be taken in handling and assembly of this component to 

fiber types varies less than 5 dB prevent damage and/or degradation which may be induced by ESD. 


from part to part at a given 
drive current and temperature. 
The benefit of this is reduced 
dynamic range requirements on 
the receiver. 





Electrical /Optical Specifications —40°C to +85°C unless otherwise specified. 


Forward Voltage V I, = 60 
= 

Forward Voltage p = 60 Figure 9 

Temperature Coefficient A 


; = 100 
Reverse Input Voltage 
Figure 12 


p= 100 

Figure 12 
0, 
1 MHz 








= oe pene |e 
= Oe | Ss 





5 


- 
i) 
an) 
> 


mV/°C 


5 


5 


i < 
Qo ore) 
Oo 
o 


L cuen A Wl loom 





10.2) 
Or 
bo 


Peak Emission 
Wavelength 


Full Width Half 
Maximum 

Diode Capacitance 
Optical Power 
Temperature Coefficient 
Thermal Resistance 05, 


Numerical Aperture NA ai 
(HFBR — 14X4) 


Numerical Aperture NA 
(HFBR — 14X2) 


8 
E 
) 
5 
rs 





~] 
a 


C 


On 
On 


T 


oS 
EE 
~< 
an 


H 
—) 
© 
op) 


2 
1S) 
par 


¥ 
ee) 
7.) 
OQ 
i 


| 


= 60 mA 
100 mA 


b 
=) 
pad 
=) 
pan 
ul 


> a A 
Te = BEE: 
~] 
Re) 
bo 


ws 
a 
g 


Notes 3, 8 










S 
< 
CO 





Optical Port Diameter 150 


(HFBR — 14X4) 





Optical Port Diameter 
(HFBR — 14X2) 
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Electrical /Optical Specifications —40°C to +85°C unless otherwise specified 
HFBR-14X4 Peak Output Power Measured Out of 1m of Cable 


| Parameter | Symbol | Min. | Typ. | Max. |Units| Conditions 


15 T, = 25°C| I, = 60 









S 


50/125 um 
Fiber Cable 
NA = 0.20 


|e 






T, = 25°C] I, = 100 mA 


T, = 25°C| I, = 60 





62.5/125 wm 
Fiber Cable 


NA = 0.275 ~13.5 T, = 25°C] I, = 100 mA 
= iain 
100/140 um P,, T, = 25°C Notes 5, 6, 9 
Fiber Cable as —10.5 td 
- NA=0.30 | 


T, = 25°C} I, = 100 mA 


A 
I, = 60 mA 


[, = 100mA 











200 um PCS 
Fiber Cable 
NA = 0.40 









HFBR-14X2 Peak Output Power Measured Out of 1m of Cable | 

: ; T, = 25°C| I, = 60 mA 
50/125 um F | 
Fiber Cable : ae 


NA = 0.20 c 
= 350) i= 60 mA 


Reference 


62.5/125 um 
Fiber Cable : ae 


A 
NA = 0.275 : : T. = 25°C| I, = 100 mA 
100/140 : : : I, = 60 mA Notes 5, 6, 9 
um | 
Fiber Cable | : Fe al | | 


T 
NA = 0.30 6. 


A — 
A -_ 
T, = 25°C| I, = 60 mA 
fe caies : 
Fiber Cable tte al 
NA = 0.40 T, = 25°C| I, = 100 mA 


WARNING: Obbserving the transmitter output power under magnification may cause injury to the eye. When 


viewed with the unaided eye, the infrared output is radiologically safe. However, when viewed under 
magnification, precaution should be taken to avoid exceeding the limits recommended in ANSI Z136.1-1981. 
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Dynamic Characteristics 


Parameter 


Rise Time, Fall Time I, =60mA 
(10% to 90%) No Pre-bias 


Rise Time, Fall Time 
(10% to 90%) 


Notes: 

1. For I,,, > 100 mA, the time duration should not exceed 2 ns. 

2. Typical data at T, = 25°C. 

3. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a pitted circuit board. 

4. D, is measured at the plane of the fiber face and defines a diameter where the optical power density is within 10 dB of the 
mead: 

5. P,, is measured with a large area detector at the end of 1 metre of mode stripped cable, with an ST* precision ceramic ferrule 
(MIL-STD-83522/13) for HFBR-1412/1414, and with an SMA 905 precision ceramic ferrule for HFBR-1402/1404. This 
approximates a standard test connector. 

6. When changing pW to dBm, the optical power is referenced to 1 mW (1000 pW). Optical Power P (dBm) = 10 log P (uW)/ 

1000 pW. 

7. Pre-bias is recommended if signal rate > 10 MBd, see recommended drive circuit in Figure 11. 

8. Pins 2, 6 and 7 are welded to the anode header connection to minimize the thermal resistance from junction to ambient. To 
further reduce the thermal resistance, the anode trace should be made as large as is consistent with good RF circuit design. 

9. Fiber NA is measured at the end of 2 metres of mode stripped fiber, using the far-field pattern. NA is defined as the sine of the 
half angle, determined at 5% of the peak intensity point. When using other manufacturer’s fiber cable, results will vary due to 
differing NA values and specification methods. 





Recommended to reduce the typical rise/fall signal rates of up to 125 MBad. a 
Drive Circuits times of the LED and a small Component values for this | g 
The circuit used to supply pre-bias voltage to minimize circuit can be calculated for iS 
current to the LED transmitter propagation delay differences different LED drive currents 2 
can significantly influence the that cause pulse-width using the equations shown on 





optical switching characteristics distortion. The circuit will below. 
of the LED. The optical rise/fall typically produce rise/fall times 


times and propagations delays of 3 ae and a total jitter For additional details about 

can be improved by using including pulse-width distortion LED drive circuits, the reader 

certain circuit techniques. ofless than 2ns. This circuitis —j, encouraged to read Hewlett- 
recommended for applications = =— packard Application Bulletin 78 

The LED drive circuit shownin 1.5 wicca: HEE OF and Application Note 1038. 


high-speed data transmission at 
Figure 11 uses current-peaking 








R. (q) = Weo~ Ve) #3.97 (Veo Ve~ 1.6 V) R, = 6-184) +8.97 (6 - 1.79- 1.6) 
: I, (A) 0.100 
R. (Q)= 1(*% R, = 3:16 + 6-99 _ 955 0 
a" 243.97 0.100 
Rug (Q)=R,,—1 rR, =1(*%)=1200 
* 2 \ 3.97 


R =R =R. =3( ) 
» = R= R= 3 Reg Rig = 12.0-1=1100 





os ee R, =R, =R, =3 (11.0) =33.00 
— R, Q) i ae aa: 

Example for I,_= 100 mA: V,, can be obtained = cuted Ss = 167 pF 

from Figure 9° “e 1.84 V) 12.00 
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100 






20 


I-- FORWARD CURRENT - mA 





16 1 


1.2 1.4 & 2.0 2.2 


V_- FORWARD VOLTAGE -— V 


Figure 9. Forward Voltage and Current 
Characteristics. 


0 +45V 


A 
\/ A HFBR-14 X 2/X4 


1/4 74F3037 pom 


Figure 11. Recommended Drive Circuit. 


HP8082A 
PULSE 
GENERATOR 












SILICON 
AVALANCHE 
PHOTODIODE 






50 22 
LOAD 
RESISTOR 
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2.0 3.0 


° 
q 
o ca 
i 1.5 . 
9 1.0 
w 0.8 - 
- 1.0 
i= 0 
i -1.0 
Z . 
| ~2.0 
gz 0.5 ~3.0 
ult 4.0 
o/1;3 ~5.0 
a. -7.0 
0 
0 20 40 60 80 100 


|; - FORWARD CURRENT - mA 


Figure 10. Normalized Transmitter 
Output vs. Forward Current. 


NORMALIZED SPECTRAL 
OUTPUT POWER 










: 7 rt AKA 

mar 

ae E 02 \ \ , 

ce le 

ale Ya AN 
8 SS 
2 4 SY 
a 740 760 780 800 820 840 860 880 900 


WAVELENGTH (nm) 


Figure 12. Transmitter Spectrum 
Normalized to the Peak at 25°C. 














HIGH SPEED 
OSCILLOSCOPE 


Figure 13. Test Circuit for Measuring t, t, 


Par) — P60 may RELATIVE POWER RATIO - dB 


HEWLETT 
PACKARD 
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5 MBd Low Cost 
Fiber Optic Receiver 


Technical Data 


Description 

The HFBR-24X2 fiber optic 
receiver is designed to operate 
with the Hewlett-Packard 
HFBR-14XX fiber optic 
transmitter and 50/125 um, 
62.5/125 um, and 100/140 pm 
fiber optic cable. Consistent 
coupling into the receiver is 
assured by the lensed optical 
system (Figure 1). Response 
does not vary with fiber size. 


The HFBR-24X2 receiver 
incorporates an integrated 
photo IC containing a 
photodetector and dc amplifier 
driving an open-collector 
Schottky output transistor. The 
HFBR-24X2 is designed for 
uu direct interfacing to popular 


logic families. The absence of an 
internal pull-up resistor allows 
the open-collector output to be 
used with logic families such 

as CMOS requiring voltage 
excursions much higher than 
Voc: 
Both the open-collector “Data” 
output Pin 6 and Voc Pin 2 are 
referenced to “Com” Pin 3, 7. 
The “Data” output allows 
busing, strobing and wired “OR” 
circuit configurations. The 
transmitter is designed to 
operate from a single +5 V 
supply. It is essential that a 
bypass capacitor (0.1 uF 
ceramic) be connected from 

Pin 2 (V_,,) to Pin 3 (circuit 
common) of the receiver. 


CAUTION: The small junction sizes inherent to the design of this 
component increases the component’s susceptibility to damage from 
electrostatic discharge (ESD). It is advised that normal static 


precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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HFBR-24X2 Series 


Housed Product 


Vec 
DATA 


7&3 


COMMON 


B 
iN 
re) 
2] 
ra 





BOTTOM VIEW PIN 1 INDICATOR 











“PINS 3 AND 7 ARE ELECTRICALLY 
CONNECTED TO HEADER 


TPINS 1, 4, 5, AND 8 ARE ELECTRICALLY 
CONNECTED 


Unhoused Product 






~ | PIN | FUNCTION 
i /floo2 Vec (5 V) 
00 COMMON 
4° "3 DATA 
COMMON 


BOTTOM VIEW 


Absolute Maximum Ratings 


Soldering 
Oyele 


Supply Voltage 
Output Current 
Output Voltage 


Output Collector 
Power Dissipation 


Fan Out (TT 





Electrical / Optical Characteristics —40°C to + 85°C unless otherwise specified; 
Fiber sizes with core diameter < 100 um and NA < 0.35, 4.75 V < V.. < 5.25 Vv 


cc 





Symbol | Min|Typ™ | Max | Unite] Conditions | Reference 
High Level Output 250 BA V,=18V 
Current P,, <—40 dBm 
Low Level Output 0.4 V | 1,=8mA 
Voltage P, > -24 dBm 
High Level Supply 3.5 6.3 | mA | V,, =5.25V 
Current 7 P, <-—40 dBm 
Low Level Supply | 10 mA Veo = 5.25 V 
Current P,, > —24 dBm 
Equivalent N.A. pape a 





Optical Port Diameter D Note 4 
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Dynamic Characteristics —40°C to +85°C unless otherwise specified; 4.75 V< V., < 5.25 V; 
BER < 10° 


Symbol [ Min. [Ayp*[ Max. [ Units | Conditions | Reference 


Peak Input Power -40 | dBm | A,=820nm Note 5 
0.1 ww 
















Level Logic HIGH 










Peak Input Power 
Level Logic LOW 










pn [aw 
4.0 100 uw | an 
Propagation Delay a mE 
LOW to HIGH P. = =-—-21 dBm, 
Data Rate = 
5 MBd 


Propagation Delay 
HIGH to LOW 


etd 
ee 
aac 
a 
aan 
ae 





Note 6 

Notes: 

1. 2.0 mm from where leads enter case. 

2. 8 mA load (5 x 1.6 mA), R, = 560 Q. 

3. Typical data at T, = 25° C, V.,. = 5.0 Vdc. 

4. D, is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual 
detector diameter and the lens magnification. 

5. Measured at the end of 100/140 pm fiber optic cable with large area detector. 

6. Propagation delay through the system is the result of several sequentially-occurring phenomena. Consequently it is a 
combination of data-rate-limiting effects and of transmission-time effects. Because of this, the data-rate limit of the system 
must be described in terms of time differentials between delays imposed on falling and rising edges. 

As the cable length is increased, the propagation delays increase at 5 ns per metre of length. Data rate, as limited by pulse 
width distortion, is not affected by increasing cable length if the optical power level at the receiver is maintained. 


” 
on) 
5 
(o) 
fe 
wi 
re) 
G. 
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25 MHz Low Cost 
Fiber Optic Receiver 


‘Technical Data 


Description 

The HFBR-24X4 fiber optic | 
receiver is designed to operate 
with the Hewlett-Packard 
HFBR-14XX fiber optic 
transmitters and 50/125 um, 
62.5/125 um, and 100/140 um 
fiber optic cable. Consistent 
coupling into the receiver is 
assured by the lensed optical 
system (Figure 1). Response 
does not vary with fiber size. 


The receiver output is an analog 
signal that can be optimized for 
a variety of distance/data rate 
requirements. Low-cost external 
components can be used to 
convert the analog output to 
logic compatible signal levels for 
various data formats and data 
rates up to 35 MBaud. This 
distance/data rate tradeoff 
results in increased optical 
power budget at lower data 
rates which can be used for 
additional distance or splices. 


The HFBR-24X4 receiver 
contains a PIN photodiode and 


low noise transimpedance pre- 
amplifier integrated circuit with 
an inverting output (see note 3). 
The HFBR-24X4 receives an 
optical signal and converts it to 
an analog voltage. The output 
is a buffered emitter-follower. 
Because the signal amplitude 
from the HFBR-24X4 receiver is 
much larger than from a simple 
PIN photodiode, it is less 
susceptible to EMI, especially 
at high signal rates. A receiver 
dynamic range of 15 dB over 
temperature is achievable 
(assuming 10° BER). For 

very noisy environments, the 
conductive port option is 
recommended. 


The frequency response is 
typically dc to 25 MHz. 
Although the HFBR-24X4 is an 
analog receiver, it is easily 
made compatible with digital 
systems. Please refer to 
Application Bulletin 73 for 
simple and inexpensive circuits 
that operate up to 35 MBd. 


CD eackanc 





HFBR-24X4 Series 
Housed Product 
2 Vec 
2 ANALOG 
SIGNAL 


COMMON 





N\ 
BOTTOM VIEW 
Eee PIN 1 INDICATOR 





on 
PIN | FUNCTION 


1t | N.C. 

2 SIGNAL 
3* | COMMON 
4+ | N.C. 

5+ | N.C. 

6 | Vec (5 V) 





7* | COMMON 
8t | N.C. 














*PINS 3 AND 7 ARE ELECTRICALLY 
CONNECTED TO HEADER 

TPINS 1, 4,5, AND 8 ARE ELECTRICALLY 
CONNECTED 







Vec (5 V) 
COMMON 


Unhoused Product 
‘Pin | FUNCTION] 
loo2 SIGNAL 
. Cc 
4°°3 OMMON 





BOTTOM VIEW 


CAUTION: The small junction sizes inherent to the design of this component increases the component’s 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be 


taken in handling and assembly of this component to prevent damage and/or degradation which may be 


induced by ESD. 
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Simplified Schematic Diagram 


BIAS & FILTER POSITIVE 
CIRCUITS SUPPLY 


ANALOG 
SIGNAL 


NEGATIVE 
SUPPLY 





me 
E 
ro) 
oi 
rs 





Absolute Maximum Ratings 


Parameter ym 


acne [aime [i 
[signal Pin Voltage | Vea 
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Electrical /Optical Characteristics —40°C to +85°C; 4.75 V< V,, < 5.25 V;R,,,) = 511 Q; 
Fiber sizes with core diameter < 100 um, and N.A. < 0.35 unless otherwise specified. 


Parameter [Symbot | Min Typ [Max. | Units | Conditions | Reference 


Responsivity R, 5.1 7 10.9 |mV/uW| T, = 25°C Figure 14 
@ 820 nm | 
6| | 12.3 |mvuwl 
























RMS Output | 0.30 | 0.36 | mV | T,=25°C, Figure 15 
Noise Voltage P, =0yW . 
Input Power (RMS) as | pW 
: pW 
Peak input Power P 6] d T ? 


Output Impedance 








DC Output Voltage 


Power Supply Current 
Equivalent N.A. 
Equivalent Diameter 
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Dynamic Characteristics —40°C to +85°C; 4.75 V< V,,. < 5.25 V; R,o4y =511 Q, C,,,, = 13 pF 
unless otherwise specified. 


Sol [in [Ay [ns [ Ui 


T, = 25°C 


Rise/Fall Time, 
10% to 90% 


Power Supply 
Rejection 

Ratio (Referred to 
Output) 


Bandwidth - Rise Time 
Product 


MHz | -3dB 
Electrical 
Notes: 


Figure 16 
at 1 MHz Note 8 
1. 2.0 mm from where leads enter case. 


2.I1fP, > 40 pW, then pulse width distortion may increase. At P,, = 80 pW and T, = 85°C, some units have exhibited as much as 
100 ns peg width distortion. 

3. Vour = V opc —(R, xP RD 

4. D, is the effective diamsleb of the detector image on the plane of the fiber face. The numerical value is the product of the actual 
detector diameter and the lens magnification. 

5. Typical specifications are for operation at T, = 25°C and V_,, = 5.0 V. 

6. Input optical signal is assumed to have 10% - 90% rise and fall times of less than 6 ns. 

7. Percent overshoot is defined as: ( net) x 100%. 


Vicon 
8. Output referred P.S.R.R. is defined as 20 log (Won surrrnns) , 
VournippLz 





(Hz) 
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a»— WAVELENGTH - nm 


Figure 14. Receiver Spectral 
Response Normalized to 820 nm. 


f - FREQUENCY - MHz 


Figure 15. Receiver Noise Spectral 
Density. 
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f - FREQUENCY — MHz 


Figure 16. Receiver Power Supply 
Rejection vs. Frequency. 
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125 MHz Low Cost 
Fiber Optic Receiver 


Technical Data 


Description 

The HFBR-24X6 fiber optic 
receiver is designed to operate 
with the Hewlett-Packard 
HFBR-14XX fiber optic 
transmitters and 50/125 um, 
62.5/125 um, and 100/140 um 
fiber optic cable. Consistent 
coupling into the receiver is 
assured by the lensed optical 
system (Figure 1). Response _ 
does not vary with fiber size for 
core diameters of 100 um or 
less. 


The receiver output is an analog 
signal which allows follow-on 
circuitry to be optimized for a 
variety of distance/data rate 
requirements. Low-cost external 
components can be used to 
convert the analog output to 
logic compatible signal levels for 
various data formats and data 
rates up to 150 MBd. This 
distance/data rate tradeoff 
results in increased optical 
power budget at lower data 
rates which can be used for 
additional distance or splices. 








tiduced by ESD. 


The HFBR-24X6 receiver 


contains a PIN photodiode and 
low noise transimpedance pre- 
amplifier integrated circuit. The 
HFBR-24X6 receives an optical 
signal and converts it to an 
analog voltage. The output is a 
buffered emitter-follower. 
Because the signal amplitude 
from the HFBR-24X6 receiver 
is much larger than from a 
simple PIN photodiode, it is less 
susceptible to EMI, especially at 
high signal rates. For very noisy 
environments, the conductive 
port option is recommended. A 
receiver dynamic range of 23 dB 
over temperature is achievable 
(assuming 10° BER). Because 
the maximum receiver input 
power is 6 dB larger and the 
noise is 2 dB lower over 
temperature than HP’s HFBR- 
24X4 25 MHz receiver, the 
HFBR-24X6 is well suited for 
more demanding link designs 
that require wide receiver 
dynamic range. 


_ CAUTION: The small junction sizes inherent to the design of this component increases the component’s 
susceptibility to damage from electrostatic discharze (ESD). It 's advised that normal static precautions be — 
tzhen in lending and assembly of this component to prevent damage and/or degradation which may be 
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© HEWLETT 
PB PACKARD 
HFBR-24X6 Series 
Housed Product 
2 Vcc 
2 ANALOG 
SIGNAL 


Vee 





* 


SS 
\, 
BOTTOM VIEW pin 1 INDICATOR 





PIN | FUNCTION | 
1+ NC 
2 





3° Vee 
4+ N.C. 
5¢ N.C. 
6 Vec 
rie 

8t N.C. 








L 





“PINS 3 AND 7 ARE ELECTRICALLY 
CONNECTED TO HEADER 

TPINS 1,4, 5 AND 8 ARE ELECTRICALLY 
CONNECTED. 


Unhoused Product 


‘FUNCTION 


SIGNAL 







loo2 
4°°3 


BOTTOM VIEW 


The frequency response is Simplified Schematic Diagram 
typically dc to 125 MHz. 


Although the HFBR-24X6 is 


BIAS & FILTER POSITIVE 


an analog receiver, it is easily SUPPLY 
made compatible with digital 

systems. Please refer to 

Application Bulletin 78 for , 

simple and inexpensive circuits oS 

that operate up to 150 MBd. 


ANALOG 
SIGNAL 


The recommended ac coupled 
receiver circuit is shown in 
Figure 17. It is essential that 
a 10 ohm resistor be connected 
between V,,,, and the power 
supply, and a 0.1 uF ceramic 
bypass capacitor be connected 
between the power supply and 
ground. 


NEGATIVE 
SUPPLY 





Absolute Maximum Ratings 


Storage Temperature 
Operating Temperature 
en 


” 
s) 
5 
co) 
o 
ul 
oO 
Ge 





Soldering 
Cyele 
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Electrical / Optical Characteristics —40°C to +85°C; -5.45 V < Supply Voltage <—4.75 V, 
a ap = 511 Q, Fiber sizes with core diameter < 100 ym, and N.A. < 0.35 unless otherwise specified. 






Symbol 













a 

















— @ 820 nm, 50 MHz 

RMS Output Bandwidth Filtered Note 5 
Noise Voltage 

P,=0nW 

Unfiltered Bandwidth | Figure 18 

P,=0yW 
Peak Input Power T, = 25°C ‘Figure 19 

Note 6 


Repeaey mV/uW T = 25° C Note 3, 4 
@' 820 nm, 50 MHz . 
TE oma 
Equivalent Optical Noise eae —43. Al. Bandwidth a 
Input Power (RMS) a [ane @ 75 MHz » 





Output Impedance 


DC Output Voltage 
Power Supply Current 
Equivalent N.A. 


Z 
> 


Equivalent Diameter 
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Dynamic Characteristics —40°C to +85°C; —5.45 V < Supply Voltage < -4.75 V; R,,, = 511 Q, 


CLoap = 0 PF unless otherwise specified. 


Chit 


Rise/F all Time P, = 100 pW Figure 20 
10% to 90% 
Pulse Width Distortion : P, = 150 pW Peak Note 8, 
Figure 19 
% P, = 5 pW Peak, Note 9 
t. =1.5ns 
optical 


MHz | —3 dB Electrical ey 





Notes: 

1. 2.0 mm from where leads enter case. 

2. Typical specifications are for operation at T, = 25°C and V,,,, = —5.2 Vdc. 

3. For 200 um PCS fibers, typical responsivity will be 6 mV/1.W. Other parameters will change as well. 

4. Pin #2 should be ac coupled to a 511 ohm load. Load capacitance must be less than 5 pF. 

5. Measured with a 3 pole Bessel filter with a 75 MHz, —3 dB bandwidth. Recommended receiver filters for various bandwidths 
are provided in Application Bulletin 78. 

6. Overdrive is defined at PWD = 2.5 ns. 

7. D, is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the 
actual detector diameter and the lens magnification. 

8. Measured with a 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform. 

9. Percent overshoot is defined as: f V,,—V x 100%. 


PK 100% 
Vicon 
10. Output referred P.S.R.R. is defined as 20 log (- 


POWER SUPPLY —) = 


V, 


OUT RIPPLE 
11. The conversion factor for the rise time to bandwidth is 0.41 since the HFBR-24X6 has a second order bandwidth limiting 
characteristic. 


” 
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0.1F 


+5V 







LOGIC 
OUTPUT 


500& MIN. 


Figure 17. Recommended ac Coupled Receiver Circuit (See AB 78 and 
AN 1038 for More Information) 





PWD — PULSE WIDTH DISTORTION — ns 





Pp — INPUT OPTICAL POWER, PEAK — yuW 


Figure 19. Typical Pulse Width 
Distortion vs. Peak Input Power 


5-62 


tr, te — RESPONSE TIME — ns 


SPECTRAL NOISE DENSITY — nVA/Hz 





FREQUENCY — MHz 


Figure 18. Typical Spectral Noise 
Density vs. Frequency 


6.0 


5.0 





4.0 




















3.0 








2.0 











1.0 
-~60 -40 -20 0 20 40. 60 80 100 


TEMPERATURE — °C 


Figure 20. Typical Rise and Fall 
Times vs. Temperature 





Conductive Port Option 
for Low Cost Miniature 
Link Components 


Technical Data 


Features 


e Withstands Electro-static 
Discharge (ESD) of 25kV 
to the Port 


¢ Significantly Decreases 
Effect of Electro-magnetic 
Interference (EMI) on 
Receiver Sensitivity 

¢ Available with Both 
SMA and Threaded ST 
Styled Port Receivers 


¢ Allows the Designer to 
Separate the Signal and 
Conductive Port Grounds 


Description 


The conductive port option for 
the Low Cost Miniature Link 
component family consists of a 
grounding path from the con- 
ductive port to four grounding 
pins as shown in the package 
outline drawing. Signal ground 
is separate from the four 
grounding pins to give the 
designer more flexibility. This 
option is available with all SMA 
and ST panel mount styled port 
receivers. Electrical/optical per- 
formance of the receivers is not 
affected by the conductive port. 
Refer to the HFBR-0400 data 
sheets for more information. 


Applications 


HP recommends that the 
designer use separate ground 
paths for the signal ground and 
the conductive port ground in 
order to minimize the effects of 
coupled noise on the receiver 
circuitry. If the designer 
notices that extreme noise is 
present on the system chassis, 
care should be taken to electri- 
cally isolate the conductive port 
from the chassis. 


In the case of ESD, the conduc- 
tive port option does not allevi- 
ate the need for system recovery 
procedures. This option ensures 


Package Outline 


a 


NON-CONDUCTIVE 
PLASTIC HOUSING CONDUCTIVE 


PLASTIC PORT 





PIN NO. 1 
INDICATOR 
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G 


OPTION C 





that a 25kV ESD event entering 
through the connector port will 
not cause catastrophic failure, 
but does not guarantee error- 
free performance. 


| Pin | Function 


Port Ground Pin 
Part Dependent 
Part Dependent 
Port Ground Pin 
Port Ground Pin 
Part Dependent 
Part Dependent 
Port Ground Pin 











ONaOaAh WNP 
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Reliability Information Ordering Information _§ This option is available with the 


Low Cost Miniature Link com- To order the Conductive Port following part numbers: 
ponents with the Conductive Option with a particular re- Bae ee 
Port Option are as reliable as ceiver component, place a “C” HFBR-2402  $$HFBR-2442T 
standard HFBR-0400 compo- after the base part number. For HFBR-2404 §HFBR-2444T 
nents. The following tests were example, to order an HFBR- HFBR-2406 HFBR-2446T 
performed to verify the me- 2406 with this option, orderan HFBR-2412T HFBR-2452 
chanical reliability of this HFBR-2406C. As another HFBR-2414T HFBR-2454 
option. example, to order an HFBR- HFBR-2416T HFBR-2456 
2416T with this option, order an HFBR-2432 HFBR-2462T 
HFBR-2416TC. HFBR-2434 HFBR-2464T 


HFBR-2436 HFBR-2466T 
Mechanical and Environmental Tests"! 


MIL-STD-883/ Units Total 
Test Other Reference Test Conditions Tested | Failed 


Temperature 1019 -55°C to +125°C 


Cycling Condition B 15 min. dwell/5 min. transfer 
| 100 eveles 


vwwyvewn 


1011 -55°C to +125°C 
Condition B 5 min. dwell/10 sec. transfer 
500 cycles 
Condition B 1000 Hours 
Condition B 5 impacts each axis 
Seal Dye Penetrant 1014 45 psi, 10 Hours | 
(Zyglo) Condition D No leakage into microelectronic 
cavity 
___ 2008 
ceed Mca “--— cate 9M 
| after solvent | ” 
Sumednersone | lsutiga nn | 
Boiling Water 
Peeesterteme| [stot stones | 
Biased, 500 hours 
Lead Integrity | 2004 8 Oz. Wt. to each lead tested for 
Notes: . 
1. Tests were performed on both SMA and ST products with the conductive port option. 


2. The Port Strength test was designed to address the concerns with hand tightening the SMA connector to the fiber optic port. 
The limit is set to a level beyond most reasonable hand fastening loading. 































Thermal Shock 





High Temp. Storage 









Mechanical Shock 






























5-64 





(A eackaro 
Threaded ST Port Option 
for Low Cost Miniature 
Link Components . 
Technical Data 

OPTION T 


Features 


° Threading Allows ST 
Styled Port Components to 
be Panel Mounted 


¢ Compatible with all 
Current Makes of ST 
Multimode Connectors 


e Mechanical Dimensions 
are Compliant with 
MIL-STD-83522/13 


Description 


Low Cost Miniature Link 
components with the Threaded 
ST Port Option come with 0.2 
inch (5.1mm) of 3/8-32 UNEF- 
2A threads on the port. This 
option is available with all 
HFBR-0400, ST styled port 
components. Components with 
this option retain the same 
superior electrical/optical and 
mechanical performance as that 
of the base HFBR-0400 compo- 
nents. Refer to the HFBR-0400 
data sheets for more informa- 
tion on electrical/optical per- 
formance and the HFBR-0400 
Reliability data sheet for more 
information on mechanical 
durability. 


(Recommended for New Designs) 


Panel Mounting 


Low Cost Miniature Link 
components with the Threaded 
ST Port Option are suitable for 
panel mounting to chasis walls. 
The maximum wall thickness 
possible when using nuts and 
washers from the HFBR-4411 
kit is 0.11 inch (2.8mm). 





8 
E 
Fe 
rs 


Package Outline 
Housed Product 














| _ ba 


1 a 
2.54 
ae " bh (0.10) 
(0.15) 


3/8 - 32 UNEF - 2A 
THREADING 




















i—C hm 
PINS 1, 4, 5,8 30 06 

0.51 X 0.38 20 07 
(0.020 X 0.015) 4:- =n 





PINS 2, 3, 6, 7 
PIN NO. 1 
INDICATOR 
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Package Outline 
Port Product 


NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES) 


070) DIA, PIN CIRCLE 





DATE CODE 








DIA —> 





0.46 
(0.018) 


- 
aA 
= u 
9. \ 
2.0 3/8 - 32 UNEF - 2A 
(0.08) THREADING 


Ordering Information 
‘l'o order the Threaded ST Port 
Option with a particular compo- 
nent, place a “T” after the base 
part number. For example, to 
order an HFBR-2416 with this 
option, order an HFBR-2416T. 


The HFBR-4411 kit consists of 
106 nuts and i060 washers with 
dimensions as shown in Figure 
1, These kits are available from 
HP or any authorized distribtor. 
Any standard size nut and 
washer will work, provided the 
total thickness of the wall, nut, 
and washer does not exceed 0.2 
inch (5.1mm). 


This option is available with the 
following part numbers: 


When preparing the chasis wall HFBR-1412 HFBR-2416 

for panel mounting, use the HFBR-1414 HFBR-2442 

mounting template in Figure 2. HFBR-1442 HFBR-2444 

When tightening the nut, HFBR-1444 HFBR-2446 

torque should not exceed 0.8 _HFBR-1462 | HFBR-2462 

N-m (8.0 in-Ib). HFBR-1464 $HFBR-2464 
HFBR-2412 HFBR-2466 
HFBR-2414 : 


3/8 - 32 UNEF - 


A 2A THREAD 
029 onl 
(0.375) 4 4 oy 


Y 


12.70 





(0.50) DIA 
-»| lee 1.65 is a 
8.0 
(0.065) . 70.318) 
HEX-NUT ms NOTE: ALL DIMENSIONS IN 
i MILLIMETRES AND (INCHES) 
14.27 TYP 
0.563 DIA 
10.41 MAX _ 
(0.410) DIA 


J . 0.46 
(0.018) 


NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES) 


Figure 2. Recommended Cut-out 
for Panel Mounting. 


INTERNAL TOOTH LOCK WASHER 


Figure 1. HFBR-4411 Mechanical 
Dimensions. 
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Glass Fiber-Optic Cable/ 
Connector Assemblies 


Technical Data 


Features 


e Choice of ST or SMA 
Connectors 


e Connectors Factory 
Installed and Tested 

¢ Choice of 50/125 um, 62.5/ 
125 um or 100/140 um Fiber 

e Tight Jacket Construction 


¢ UL Recognized, Meets 
OFNR Listing (UL 1666) 


e Parameters Optimized for 
Data Communication 
Applications 


Description 


HP connectored cable 
assemblies are available in 
various industry standard sizes 
and styles. The designer may 
choose among 50/125 pm, 
62.5/125 um and 100/140 um 
cable and ST and SMA 
connectors (50/125 um is 
available with only ST 
connectors in one- and ten- 
metre lengths). These cable 
assemblies have been specified 
for use with HP’s 820 nm and 
1300 nm fiber-optic 
transmitters and receivers and 
are ideal for various data 
communication applications. 


Each cable assembly has been 
factory assembled and 100% 
tested according to industry- 
standard procedures. 

Therefore, designers can be 
assured that they are receiving — 
the highest possible quality 
cable assemblies for their 
prototyping, testing or 
production needs. 
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Ordering Information!" 


HFBR- (JC) LJ LJ LIU 


Cable Code——_—_—__ | 
ae Length Code 
1-999 m, 1-m increments 
e.g. 016 = 16m 
1-2 km, 100-m increments 
e.g. 1K6 = 1.6 km 
Channel Code 


A - 100/140 pm 
S - single channel 


B - 62.5/125 um 
C - 50/125 um* 
D - dual channel 


Connector Code 


U - unconnectored 
W - SMA connector 
X - ST connector 


* Available only in single channel one- and ten-metre lengths with ST connectors. 
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Order Examples 


HFBR-AWS050, quantity 1: 
one 50 m simplex, 100/140 um 
cable assembly with SMA 
connectors 


HFBR-BXD2KO, quantity 2: 
two 2 km duplex, 62.5/125 um 
cable assemblies with ST 
connectors 


HFBR-BUS1K5, quantity 3: 
three 1.5 km simplex, 62.5/125 
um unconnectored cables 


Cable Infa r mation 


Temperature Ratings 


Minimum Bend Radius 
Short Term 









Cable Length Tolerances | 


+-0 metre 


Po LENGTH ae 






Dual 
Channel Unit Conditions 
500 N Tensile Load 


EIA-455-33 
| 80 | 300 N Tensile Load 


jem | 


750 EIA-455-41 | 
1000 BIA-455-25 @ 1.6 N-m 
7500 EIA-455-104 
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Mechanical Dimensions 


P02 ym | 2.5125 ym 

| Core Diameter(um) | BO 

[Baler Diameter um) «| 800 
Cable Outside Diameter (mm) 

Optical Specifications (850 nm/1300 nm) 

pf 50125 um | 62.5/125 um | 100/140 | Conditions 


Typical Attenuation (dB/km) 5.5/3.5 
Minimum Modal Bandwidth (MHz-km) 400/400 160/200 100/100 EIA-455-30 


Typical 3dB Optical Bandwidth- Length 41/250 40/180 38/95 

Product (MHz-km)"! 

Numerical Aperture 0.275 EIA-455-47 
method A,B,C 





100/140 pm 


















Single Channel 
Dual Channel 
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PVC OUTER JACKET 
ARAMID STRENGTH MEMBERS 
BUFFER JACKET BUFFER JACKET 









FIBER COATING 
PVC OUTER 
GLASS OPTICAL JACKET 
STRENGTH 


FIBER 
i 
©) COATED GLASS | MEMBERS 
OPTICAL FIBER A 
CHANNEL 
INDICATOR 
2.9mm 5.8 mm 


SINGLE CHANNEL DUAL CHANNEL 


ARAMID 


Figure 1. Cable Construction Diagram. 
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Connector/Mating Adapter Information 


Ordering Information | 
Part Number ___Reference _ 
HFBR-4001 . |. 100/140 um SMA style piece part connector Note 4, Fig. 2 


HFBR-4002 — 62.5/125 um SMA style piece part connector _ Note 4, Fig. 2 
HFBR-4003 100/140 um ST style piece part connector Note 4, Fig. 3 



















HFBR-4004 62.5/125 um ST style piece part connector Note 4, Fig. 3 
HFBR-4409 SMA style mating adapter (nuts/washers incl.) 


HFBR-4419 Fig. 5 








ST style mating adapter (nut/washer incl.) 








Mating Adapter Mechanical/Optical Specifications 


|| Max. | Units| Conditions _| Note 
SMA Mating Adapter | | | 
Fixed Loss (a,) 














50/125 ym fiber 
62.5/125 um fiber | 
100/140 pm fiber 






ST Mating Adapter 
Fixed Loss (o,) 









50/125 um fiber 
62.5/125 um fiber 
100/140 um fiber 
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Mechanical Dimensions'! 


70.4 


— (9.7) MAX 








BOOT FERRULE 


wi 


COUPLING NUT 

MAY BE KNURLED 

OR HEXAGONAL 
Figure 2. HFBR-4001 and HFBR-4002 SMA Style 
Connector. 








1/4 - 36 UNS - 2B 
INTERNAL THREAD 


BAYONET STYLE 
COUPLING NUT 


Figure 3. HFBR- 4003 and HFBR-4004 ST Style 
Connector. : 


1/4 — 36 UNS — 2B - 


a (0.06 


( S) a 


oa 
os | ae 


QUANTITY: 2 EA 1.0 
(0.04) 11.1 
Sik (0.44) 
10.1 ! 
fe nl 
(0.77) A090) 9.5 . . 9.5 
(0.38) (0.38) 
29.3 
(1.12) 


INTERNAL TOOTH LOCKWASHER 
QUANTITY: 2EA 


3/8 — 24 UNF - 2B 


8 
=a 
Co) 
es 

cr 


BAYONET LOCK PINS 






1/4-36 UNS- 2A 3/8 — 24 UNF —- 2A 


oe) QUANTITY: 1 EA 


(0. 27) re 04) 


a 
de 5 
(0. C 


INTERNAL TOOTH LOCK LOCKWASHER 
QUANTITY: 1 EA 











Figure 4. HFBR-4409 SMA Style Mating Adapter. Figure 5. HFBR-4419 ST Style Mating Adapter. 


Notes: 4. Recommended connectoring kit: 
1. HP is in the process of obsoleting the OFTI 400 Series Field Installation 


2. 
3. 


following part numbers and does not 
recommend their use for new 
designs: HFBR-AHDxxx and HFBR- 
AHSxxx cable assemblies, the 
HFBR-4000 connector, the HFBR- 
3099 mating adapter, and HFBR- 
0100/0101/0102 connectoring kits. 
Please contact your local HP 
components representative for more 
information. 

Short term is < 6 hours. 

Calculations are based on worst case 
parameters of HP 820 nm and 1300 
nm optical components. 


Kit. 


. Fixed losses (length independent) 


apply only to the use of mating 
adapters in link design calculations. 
Fixed losses at transmitter/receiver 
interfaces are included in HP 
transmitter/receiver optical 
specifications. 


. Dimensions in millimetres (inches). 
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U7 HEWLETT SNAP-IN FIBER OPTIC LINKS eee 


TRANSMITTERS, RECEIVERS, | “*BR-°5 
Penn CABLE AND CONNECTORS 





Features 


e GUARANTEED LINK PERFORMANCE OVER 
TEMPERATURE 
High Speed Links: dc to 5 MBd 
Extended Distance Links up to 82 m 
Low Current Links: 6 mA Peak Supply Current for 
an 8 m Link 
Photo Interrupters 


e LOW COST PLASTIC DUAL-IN-LINE PACKAGE 
e EASY FIELD CONNECTORING 


e EASY TO USE RECEIVERS: 
Logic Compatible Output Level | 
Single +5 V Receiver Power Supply 
High Noise Immunity 


e LOW LOSS PLASTIC CABLE: 
Selected Super Low Loss Simplex Cable 





Simplex and Zip Cord Style Duplex Cable Descr iption 

The HFBR-0500 series is a complete family of fiber optic 
Applications link components for configuring low-cost control, data 

transmission, and photo interrupter links. These components 
e HIGH VOLTAGE ISOLATION are designed to mate with plastic snap-in connectors and 
e SECURE DATA COMMUNICATIONS low-cost plastic cable.* Link design is simplified by the 
e REMOTE PHOTO INTERRUPTER logic compatible receivers and the ease of connectoring 

the plastic fiber cable. The key parameters of links configured 
e LOW CURRENT LINKS — with the HFBR-0500 family are fully guaranteed. 
*INTER/INTRA-SYSTEM CINKS * Cable is available in standard low loss and selected super low 
e STATIC PROTECTION loss varieties. 


EMC REGULATED SYSTEMS (FCC, VDE) 


Link Selection Guide 
GUARANTEED LINKS 
Guaranteed Link Length Typical Link Lengths 
0-70°C 25°C 
Standard Improved Standard improved 
Cable Cable Cable Cable Transmitter | Receiver 
5 MBd Link | HFBR-1510 | HFBR-2501 
1 MBd Link | HFBR-1502 }| HFBR-2502 


Low Current Link| 40 kBd HFBR-1512 | HFBR-2503 


Extended 
Distance Link HFBR-1512 | HFBR-2503 


Photo Interrupter / HFBR-1512 | HFBR-2503 
Link HFBR-1502 | HFBR-2502 . 
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Component Selection Guide 


TRANSMITTERS 


Minimum Output 
Optical Power 
0 to 70°C 


—16.5 dBm 
-13.6 dBm 
—13.6 dBm 


Peak Emission 
Wavelength 


HFBR-1510 
HFBR-1502 
HFBR-1512 


665 nm 
665 nm 
665 nm 


RECEIVERS 


Sensitivity 
0 to 70°C 


—21.6 dBm 
—24 dBm 
-39 dBm 


Data Rate 
5 MBd 
1 MBd 
40 kBd 


HFBR-2501 


HFBR-2502 
HFBR-2503 


5 MBd Link 


HFBR-1510 AND HFBR-2501 

The dc to 5 MBd link is guaranteed over temperature to 
operate up to 17 m with a transmitter drive current of 60 
mA. This link uses the 665 nm HFBR-1510 Transmitter, the 


RECOMMENDED OPERATING CONDITIONS 












Receiver Supply Voltage Voc 


Fan-Out (TTL) 











Ambient Temperature 
Transmitter Peak Forward Current 750 
aya Foard Cuneht Poe | mA 


eee eee ee ee ee aS 


CABLES 


Please refer to page 15 (of the Versatile Link Fiber Optics 
Data Sheet) for cable specifications. 


CONNECTORS Page 5-86 


HFBR-4501 Gray Connector/Crimp Ring 
HFBR-4511 Blue Connector/Crimp Ring 
HFBR-4595 Polishing Kit 

Polishing Fixture — Abrasive Paper 


HFBR-4596 Polishing Fixture 
Bulkhead Feedthrough/In-Line Splice 
HFBR-4505 Gray 
HFBR-4515 Blue 





Mechanical Dimensions Page 5-85 


HFBR-2501 Receiver, and Plastic Cable. The receiver 
compatible with LSTTL/TTL/CMOS logic levels offers a 
choice of internal pull-up or open collector output. 
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SYSTEM PERFORMANCE using Standard Cable under recommended operating conditions unless otherwise specified. 


Parameter 


Transmission Distance 
Standard Cable . 





m lFPK = 60 mA, 0-70°C 
m l-PK = 60 mA, 25°C 
lFPK = 60.mA, 0-70°C 
IFPK = 60 mA, 25°C 
Ri = 560 O, CL = 30 pF 
- PR =-21.6<PpR<-9.5dBm 


PR=-15 dBm Fig. 4,6 
Ri. = 560 ©, Ci = 30 pF 7 4 


Notes: 1. For Icep,x > 80 mA, the duty factor must be such as to keep I-ay < 80 mA. In addition, for irpK > 80 mA, the ate rules for 


pulse width apply: Ippx < 160 mA: Pulse width < 1 ms 


lepK > 160 mA: Pulse width < 1 ys 


2. It is essential that a bypass capacitor (0.01 uF to 0.1 uF ceramic) be connected from pin 3 to pin 4 of the receiver. Total lead 
length between both ends of the capacitor and the pins should not exceed 20 mm. 


3. The propagation delay of 1 m of cable (5 ns) is included. 
4. Tp = tpLH ~ tp. 
5. Typical data is at 25°C, Voog = 5 V. 





Link Design Considerations 


The HFBR-1510/2501 Transmitter/Receiver pair is guaran- 
teed for operation at data rates up to 5 MBd over link 
distances from 0 to 12 metres with standard cable and 
from 0 to 17 metres with improved cable. The value of 
transmitter drive current, |-, depends on the link distance 
as shown in Figures 2 and 3. Note that there is an upper 
as well as a lower limit on the value of !f for any given 


HFBR-1510 


distance. The dotted lines in Figures 2 and 3 represent 
pulsed operation. When operating in the pulsed mode, the 
conditions in Note 1 must be met. After selecting a value 
of the transmitter drive current Ir, the value of Ry in 
Figure 1 can be calculated as follows: 
Rj = Vcc ~ VF 
IF 





HFBR-2501 


Figure 1. Typical Circuit Operation (5 MBd < 12 m) 
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Figure 4. A.C. Test Circuit 
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41 MBd LINK uHrsr-1502 AND HFBR-2502 

The dc to 1 MBd link is guaranteed over temperature to 
operate from 0 to 34 m with a transmitter drive current of 
60 mA. This link uses the 665 nm HFBR-1502 Transmitter, 


RECOMMENDED OPERATING CONDITIONS 
{| Parameter | 


Ambient Temperature 


Transmitter Peak Forward Current 


Avg. Forward Current 
Receiver Supply Voltage 


Fan-Out (TTL) 










Transmission Distance 
Standard Cable 


















Transmission Distance 
Standard Cable 


Transmission Distance 
Improved Cable 


Propagation Delay 
; 
Pulse Width Distortion to 


EMI Immunity 





| Symbol _ 

as 
Pinseesesie™ | bp 
| Improved Cable | 





the HFBR-2502 Receiver, and Improved Cable. The 
receiver is compatible with LSTTL/TTL/CMOS logic levels 
and offers a choice of an internal pull-up or open collector 
output. 





[units [ Conditions | Ret 
1 [wea [een=oe 
C 









lFPpK = 60 mA, 0-70°C 


l—FPK = 60 mA, 25°C 


lep“ = 120 mA, 0-70°C 


Pree = 120 mA, 25° | 
[Pre 120ma,0-70°O | 
rr 120A 25° 

on 






ns Ru = 560 0, CL=30 pF | Fig. 4,5 
ns PR =-24 dBm Note 3 


PR = -24 dBm Fig. 4, 6 
RL=5600,CL=30pF | Note4 


vin [sense 


Notes: 1. For l-px > 80 mA, the duty factor must be such as to keep Iray < 80 mA. In addition, for lepK > 80 mA, the following rules for 


pulse width apply: Ippx < 160 mA: Pulse width < 1 ms 


lepK > 160 mA: Pulse width < 1 us 


2. It is essential that a bypass capacitor (0.01 uF to 0.1 uF ceramic) be connected from pin 3 to pin 4 of the receiver. Total lead 
length between both ends of the capacitor and the pins should not exceed 20 mm. 


3. The propagation delay of 1 m of cable (5 ns) is included. 


Link Design Considerations 


The HFBR-1502/2502 Transmitter/Receiver pair is guaran- 
teed for operation at data rates up to 1 MBd over link 
distances from 0 to 24 metres with standard cable and 
from 0 to 34 metres with improved cable. The value of 
transmitter drive current, Ilr, depends on the link distance 
as shown in Figures 2 and 3. Note that there is a lower 
limit on the value of I- for any given distance. The dotted 
lines in Figures 2 and 3 represent pulsed operation. When 


Vcc 


HFBR-1502 





4. Tp = tpLH ~ tPHL- 


5. Typical data is at 25°C, Voc = 5 V. 


operating in the pulsed mode, the conditions in Note 1 
must be met. After selecting a value of the transmitter 
drive current Ire, the value of Ry in Figure 1 can be 


Iculated.as follows: 
calculat wv _ Voec~ VF - Vor (75451) 


IF 


Ry 


For the HFBR-1502/2502 pair, the value of the capacitor, 
C, (Figure 1) must be chosen such that R; C; => 75 ns. 





HFBR-2502 


Figure 1. Typical Circuit Operation (1 MBd < 24 m) 
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HFBR-2502, Standard Cable and HFBR-2502, Improved Cable 
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Figure 4. A.C. Test Circuit 
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Low Current/Extended Distance Link 


HFBR-1512 AND HFBR-2503 


The low current link requires only 6 mA peak supply current 
for the transmitter and receiver combined to achieve an 11 
m link. Extended distances up to 82 m can be achieved at a 
maximum transmitter drive current of 60 mA peak. This link 
can be driven with TTL/LSTTL and most CMOS logic gates. 


RECOMMENDED OPERATING CONDITIONS 






Parameter 






Fan-Out (TTL) 





Data Rate 


Transmission Distance 
Standard Cable 


Transmission Distance 
Improved Cable 


Propagation Delay 


Pulse Width Distortion 


Bit Error Rate 
EMI Immunity 


Notes: 


Receiver 
Supply Voltage Vcc 45 5.5 V 


ee ee i ree eee | ee! 





The black plastic housing of the HFBR-1512 Transmitter is 
designed to prevent the penetration of ambient light into the 
cable through the transmitter. This prevents the sensitive 
receiver from being triggered by ambient light pulses. 


l—FPK = 60 mA, 0-70°C 


Tm | rem = 2 mA, 070° 
[im [trex =60 mA, 0-70°O 


mM 

m 

ps Ri = 3.3K 0, CL = 30 pF | Fig. 4, 5 

ps PR =-25 dBm 
-39 < PR <-14 dBm 
RL = 3.3 KO, CL = 30 pF Note 4 


1. For lrpk > 80 mA, the duty factor must be such as to keep IFAy < 80 mA. In addition, if IFAv > 80 mA, then the pulse width must be 


equal to or less than 1 ms. 


. It is recommended that a bypass capacitor (0.01 uF to 0.1 uF ceramic) be connected from pin 3 to pin 4 of the receiver. 


2 
3. The propagation delay of 1 m of cable (5 ns) is included. 
4. tp = tPLH — tPHL. 5. Typical data is at 25°C, Vcc =5V. 


Link Design Considerations 


The HFBR-1512/2503 Transmitter/Receiver pair is guaran- 
teed for operation at data rates up to 40 kBd for transmitter 
drives as low as 2 mA. The value of transmitter drive cur- 
rent, IF, depends on the link distance as shown in Figures 2 
and 3. Note that there is an upper as well as a lower limit on 


Vec 






HFBR-1512 


the value of IF for any given distance. After selecting a value 
of the transmitter drive current IF, the value of Ry in Figure 1 
can be calculated as follows: 
Ri= vec= NF 
IF 
N.C. 





Vo 
HFBR-2503 Vec 


Figure 1. Typical Circuit Operation (40 kBd) 
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Figure 3. Guaranteed System Performance with HFBR-1512 and 


HFBR-2503, Improved Cable 


Figure 2. Guaranteed System Performance with HFBR-1512 and 


HFBR-2503, Standard Cable 
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Figure 4. A.C. Test Circuit 
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Figure 6. HFBR-1512/2503 Link Propagation Delay vs. Optical 


Power 


Figure 5. HFBR-1512/2503 Link Pulse Width Distortion vs. 


Optical Power 
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oO 


Photo Interrupter Link 


HFBR-1502/2502 | 
HFBR-1512/2503 ? 


These links may be used in optical switches, shaft position The HFBR-1512/2503 link (20 kHz) has an optical power 
sensors, and velocity sensors. They are particularly useful budget of 24 dB, and the HFBR-1502/2502 link (500 kHz) 


where high voltage, electrical noise, or explosive environ- budget is 10 dB. Total system losses (cable attenuation, air- 
ments prohibit the use of electromechanical or gap loss, etc) must not exceed the link optical power 
optoelectronic sensors. | budget. 4 8 


RECOMMENDED OPERATING CONDITIONS 
[Parameter SSSSSC*d'CS mbt 
Peak Forward Current “4 IF PK 
Avg. Forward Current 
Output Voltage 
Fanout (TTL) 
reenane——f 


SYSTEM PERFORMANCE 
See HFBR-1502/2502 link data sheet (page 5) and HFBR-1512/2503 link data sheet (page 7) for more design information. 


These specifications apply when using Standard Cable and, unless otherwise specified, under recommended operating 
conditions. 


[Parameter | Symbot | win | Tyolfi [ Max | Unit [ Conditions | Ret 
HFBR-1512/HFBR-2503 

[Max CountFrequeney [| | # [| [We] SSCS 
(amenioa WAM 5 ne oe eee ee 





HFBR-1502, HFBR-2502 


Notes: 


1. For lFpK > 80 mA, the duty factor must be such as to keep IFav < 80 mA. In addition, for IFPK > 80 mA, the following rules for pulse 
width apply: fs : | 
lFpK < 160 mA: Pulse width < 1 ms 
lFPpK > 160 mA: Pulse width < 1 us 


2. A bypass capacitor (0.01 uF to 0.1 wF ceramic) connected from pin 3 to pin 4 of the receiver is recommended for the HFBR-2503 
and essential for the HFBR-2502. For the HFBR-2502, the total lead length between both ends of the capacitor and the pins should 
not exceed 20 mm. 

3. Optical Power Budget = Py Min. — Prt) Min. Refer to HFBR-1502/1512 data sheet, page 11; HFBR-2502 data sheet, page 12; and 
HFBR-2503 data sheet, page 14 for additional design information. 

4. in addition to a minimum power budget, care should be taken to avoid overdriving the HFBR-2503 receiver with too much optical 
power. For this reason power levels into the receiver should be kept less than -13.7 dBm to eliminate any overdrive with the 
recommended operating conditions. 


Typical data is at 25°C, Vcc =5 V.. 
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Link Design Considerations 


The HFBR-1512/2503 and HFBR-1502/2502 Transmitter/ 
Receiver pairs are intended for applications where the photo 
interrupter must be physically separate from the optoelec- 
tronic emitter and detector. This separation would be useful 
where high voltage, electrical noise or explosive environ- 
ments prohibit the use of electronic devices. To ensure 
reliable long term operation, links designed for this applica- 
tion should operate with an ample optical power margin 
Om = 3 dB, since the exposed fiber ends are subject to 
environmental contamination that will increase the optical 
attenuation of the slot with time. A graph of air gap separa- 
tion versus attenuation for clean fiber ends with minimum 
radial error < 0.005 inches (0.127 mm) and angular error 
(< 3.0°) is provided in Figure 2. The following equations can 


; = y SLOT GAP 5 


HFBR-1502/1512 


now be used to determine the transmitter output power, Pr, 
for both the overdrive and minimum drive cases. Overdrive 
is defined as a condition where excessive optical power is 
delivered to the receiver. The first equation enables the max- 
imum Pr that will not result in receiver overdrive to be 
calculated for a predetermined link length and slot attenua- 
tion. The second equation defines the minimum Prt allowed 
for link operation. 


P+ (MAX) — PR (MAX) < a0 MINR + @SLOT Eq. 1 
Pt (MIN) — Pat (MIN) = wo MAX&+ a@SLoT + am Eq. 2 


Once Prt (MIN) has been determined in the second equation 
for a specific link length (2), slot attenuation (a#sLoT) and 
margin (am), Figure 3 can then be used to find IF. 








HFBR-2502/2503 


Figure 1. Typical Slot Interrupter Configuration. Refer to 1 MBd 
or Low Current Links for Schematic Diagrams 
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Figure 2. Typical Loss vs. Axial Separation 
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665 nm Transmitters | 
HFBR-1502/HFBR-1510 and HFBR-1512 oa HFBR-1510/1512/1502 Transmitter 


The HFBR-1510/1502/1512 Transmitter modules incorpo- | | a NG. 
rate a665 nm LED emitting at a low attenuation wavelength . . 
for the HFBR-3510/3610 plastic fiber optic cable. The 
_ transmitters can be easily interfaced to standard TTL logic. 
The optical power output of the HFBR-1510/1512/1502 is 
specified at the end of 0.5 m of cable. The HFBR-1512 out- 
put optical power is tested and guaranteed at low drive 
currents. | 





Absolute Maximum Ratings 


Storage Temperature Ts 
Operating Temperature TA 


Lead Soldering Cycle 


Peak Forward Input Current IF PK 


Average Forward Input Current IF AV 


Reverse Input Voltage VR 









Transmitter Output HFBR-1510 


[Gondiions + —~Ret_—| 
dBm | Ir = 60 mA, 0-70°C 
| -8.0 | dBm | Ir=60 mA, 25°C 
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Optical Power 


: 
PT 


eg ee l- = 60 mA, 0-70°C 
an 
HFBR-1512 dBm | !rF = 60 mA, 25° 
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HFBR-1512 PT —35. 
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; C 
2 mA, 0-70°C 
» TA=25°C 


Reverse Input Breakdown Voltage 
Diode Capacitance 
Rise and Fall Time 


Notes: 

1. 1.6 mm below seating plane. 

2. 1 ws pulse, 20 us period. 

3. Measured at the end of 0.5 m standard Fiber Optic Cable with large area detector. 
4 

5 


Output Optical Power 
Temperature Coefficient AT 
Peak Emission Wavelength 665 
Forward Voltage 
Forward Voltage AVE -1.37 mvV/°C Fig. 1 
Temperature Coefficient ea 
f=1 MHz 


VBR 
Co 
tr, tr 
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. Optical power, P (dBm) = 10 Log P (uW)/1000 pW. 
. Typical data is at 25°C. 


WARNING. When viewed under some conditions, the optical port of the Transmitter may expose the eye beyond the Maximum 
Permissible Exposure recommended in ANSI Z-136-1, 1981. Under most viewing conditions there is no eye hazard. 


5-82 















Pies) ae See See es ee a 
= ee ee s.. .<_. aa 
RCS Daneel SRSA ECaRUAS AEP Cae 3 
ES 2a eee Bee ee, es ee oc 
rr a a ee 2 Ce ee S 
Bigs oe SO | cal : 
S ee aay |? ees oan eee LEA 3 
oc eee ey Ae 2 6 ee ee ee oO 
- | | J lf FRe oc | CT N 
Sol / fewe| | || : 
< aaa So 60 Saas a aes es oa! 9 
KE Gy haa 2) Ge Een es ee eee | 
; Ae |i Sc' Gna Ce Pen eae Cee - 
u ay ee Ay ee ees DE eed = 
ies Eee ee ees 
14°15 16 #17 18 #19 20 21 2 10 100 
Ve — FORWARD VOLTAGE — V If -TRANSMITTER DRIVE CURRENT—mA 
Figure 1. Typical Forward Voltage vs. Drive Current for Figure 2. Normalized HFBR-1510/1502/1512 Typical Output 
HFBR-1510/1502/1512 Optical Power vs. Drive Current 


Receivers 
HFBR-2501 (5 MBd) and HFBR-2502 (1 MBa) HFBR-2501/2502 Receiver 


The HFBR-2501/2502 Receiver modules feature a shielded 
integrated photodetector and wide bandwidth DC ampli- 
fier for high EMI immunity. A Schottky clamped 
Open-collector output transistor allows interfacing to GROUND 
¢ommon logic families and enables “wired-OR” circuit 
designs. The open collector output is specified up to 18V. 
An integrated 1000 ohm resistor internally connected to Vec 
Vcc may be externally jumpered to provide a pull-up for 
ease-of-use with +5V logic. The combination of high opti- 
cal power levels and fast transitions falling edge could 
result in distortion of the output signal (HFBR-2502 only), 
that could lead to multiple triggering of following circuitry. 


N.C. 


GROUND 





2. 
E, 
ron 
ra 
ca 
Ge 





Absolute Maximum Ratings 





Pullup Voltage 
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Electrical/ Optical Characteristics o°c to+70°, 4.75 < Voc $5.25 Unless Otherwise Specified 


[Parameter ___——_————~*( Symbol [ win. | TyniSl | Max. [Units | Conditions [Ret 


Receiver Input Optical HFBR-2501 PRL) |-21.6 -9.5 | dBm | 0-70°C, VoL =0.5 V Note 2, 
, ; lo.=8 mA 3 


Power Level for : 
Logic "0" -8.7 | dBm | 25°C, VoL=05V 
| | | lo. =8 mA 
HFBR-2502 R(L) | -24 | dBm | 0-70°C, VoL = 0.5 V 
- lo.=8mA 
= 
Input Optical Power Level for Logic “1” R (H) = 
ion | 

















PR = PRL MIN 
mA Voc = 5.25 V, Note 4 
Effective Diameter 


10 mA | Vcc = 5.25 V, Note4 | 
ae ae ee 
Numerical Aperture P NAR {| [| 05 | | 


Internal Pull-Up Resistor 1000 | 1700 


" | 
dBm | 25°C, VoL=0.5 V _ 
loL=8mA | 
P -43 | dBm | VoH=5.25 V, Note 2 
IOH S 250 pA 
High Level Output Current as ee ae 
Low Level Output Voltage me eat 


High Level Supply Current 
Low Level Supply Current 


( 
5 
O 0.4 
3.5 
6.2 

1 





Notes: 

1. 1.6 mm below seating plane. 

2. Optical flux, P (dBm) = 10 Log P (uW)/1000 pW. 

3. Measured at the end of standard Fiber Optic Cable with large area detector. 

~ 4, RL is open. 

5. Typical data is at 25°C, Vcc =5 V. 
6. It is essential that a bypass capacitor 0.01 uF to 0.1 uF be connected from pin 3 to pin 4 of the receiver. Total lead length between 
both ends of the capacitor and the pins should not exceed 20 mm. 
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High Sensitivity Receiver 


HFBR-2503 HFBR-2503 Receiver 


The blue plastic HFBR-2503 Receiver module has a sensi- Ho 


tivity of -39 dBm. It features an integrated photodetector 
and DC amplifier for high EMI immunity. The output is an 
open collector with a 150 wA internal current source pull- GROUND 
up and is compatible with TTL/LSTTL and most CMOS 
logic families. For minimum rise time add an external pull- 
up resistor of at least 3.3K ohms. Vcc must be greater than Vec 
or equal to the supply voltage for the pull-up resistor. 


Vo 


GROUND 





Absolute Maximum Ratings 


Parameter 

Storage Temperature 

Operating Temperature 

Lead Soldering Cycle Temp 


Supply Voltage 


Output Collector Current (Average) 


Output Collector Power Dissipation 
Output Voltage 





Parameter | Max. | Units | Conditions | Ref. 
-13.7 


Receiver Input Optical dBm | 0-70°C, Vo = VoL Note 
Power Level for lol = 3.2 mA 2,3,4 
Logic “0” dBm | 25°C, Vo = VoL 

lol = 3.2 mA 


Input Optical Power Level VOH = 5.5V, Note 2 
for Logic “1” lIOH = 40 vA 


’ 


mA 
= 5 .5V, Note 6 
er ee 
er ee cee! 


Note 6 
PR = PRL MIN 





Notes: 

1. 1.6 mm below seating plane. 

2. Optical flux, P (dBm) = 10 Log P (uW)/1000 pW. 

3. Measured at the end of the standard Fiber Optic Cable with large area detector. 

4. Because of the very high sensitivity of the HFBR-2503, the digital output may switch in response to ambient light levels when a cable 
is not occupying the receiver optical port. The designer should take care to filter out signals from this source if they pose a hazard to 
the system. . 

Typical data is at 25°C, Vcc =5 V. 

Including current in 3.3K pull-up resistor. 

It is recommended that a bypass capacitor 0.01 uF to 0.1 uF ceramic be connected from pin 3 to pin 4 of the receiver. 


ene 
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~Snap-in Fiber Optic 
Connector, Bulkhead 
Feedthrough/Splice and 
Polishing Tools — 


HFBR-4501/4511 CONNECTORS 
HFBR-4505/4515 BULKHEAD FEEDTHROUGHS 


The HFBR-4501 and HFBR-4511 snap-in connectors termi- 
nate low cost plastic fiber cable and mate with the 
Hewlett-Packard HFBR-0500 family of fiber optic transmit- 
ters and receivers. They are quick and easy to install. The 
metal crimp ring provides strong and stable cable retention 
and the polishing technique ensures a smooth optical finish 
which results in consistently high optical coupling 
efficiency. 

The HFBR-4505 and HFBR-4515 bulkhead feedthroughs 
mate two snap-in connectors and can be used either as an 
in-line splice or as a panel feedthrough for plastic fiber 
cable. The connector to connector loss is low and 
~ repeatable. 


Applications 


e CONNECTOR 


TERMINATION FOR HEWLETT-PACKARD PLASTIC 
FIBER OPTIC CABLE 


e BULKHEAD FEEDTHROUGH | 


HFBR-4501 (GRAY)/4511 (BLUE) CONNECTOR 


0 eo 
HFBR-4505 (GRAY)/4515 (BLUE) BULKHEAD FEEDTHROUGH 


HFBR-4595 POLISHING KIT 





bet 
| tr: | 
[esl . : 
Sievlf 
INTERFACE TO HEWLETT-PACKARD HFBR-15XX/25XX 
SNAP-IN FIBER OPTIC LINK COMPONENTS 


<a eff 


BULKHEAD FEEDTHROUGH OR PANEL MOUNTING OF HFBR-45XX CONNECTORS 


oS =o 


IN-LINE SPLICE FOR PLASTIC FIBER OPTIC CABLE 


Absolute Maximum Ratings 
|Parameter___| Symbol | Min. | 


Storage 
Temperature 






Operating 
Temperature 





Nut Torque 
HFBR-4505/4515 











TN 0.7 
100 
Notes: 0.57 Nem 


1. Reco d tt is — 
ecommended nut torque is 80 OzF-n 





Max.| Units | Notes 
rs [ols] ec] 
Pm fo fal sc] 
N-m 1 

OzF-in 
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Mechanical/Optical Characteristics 0° to 70°C Unless Otherwise Specified. 


Typical Data at 25°C. 


Parameter 


Retention Force Connector/Module 
HFBR-4501/4511 to 
HFBR-15XX/25XX 


Retention Force Connector/ 
Bulkhead HFBR-4501/4511 to 
HFBR-4505/4515 


Notes: 
2. Factory polish or field polish per recommended procedure. 





3. Module to connector insertion loss is factored into the transmitter output optical power and the receiver input optical power level 


specifications. 
Note: 


For applications where frequent temperature cycling over extremes is expected please contact Hewlett-Packard for alternate 


connectoring techniques. 


Cable Terminations 


The following easy procedure describes how to make 
cable terminations. It is ideal for both field and factory 
installaiton. If a high volume connectoring technique is 
required please contact your Hewlett-Packard sales engi- 
neer for the recommended procedure and equipment. 


Connectoring the cable is accomplished with the Hewlett- 
Packard HFBR-4595 Polishing Kit consisting of a 
Polishing Fixture and 600 grit abrasive paper and 3 micron 
pink lapping film (3M Company, OC3-14). No adhesive 
material is needed to secure the cable in the connector, 
and the connector can be used immediately after 
polishing. 


Connectors may be easily installed on the cable ends with 
readily available tools. Materials needed for the terminat- 
ing procedure are: 


1) Plastic Fiber Optic Cable 

2) HFBR-4595 Polishing Kit 

3) HFBR-4501 Gray Connector and Crimp Ring 
4) HFBR-4511 Blue Connector and Crimp Ring 
5) Industrial razor blade or wire cutters 

6) 16 gauge latching wire strippers 

7) Crimp Tool, AMP 90364-2 


Step 1 

The zip cord structure of the duplex cable permits easy 
separation of the channels. The channels should be sep- 
arated approximately 50 mm (2.0in.) back from the ends to 
permit connecting and polishing. 


After cutting the cable to the desired length, strip off 
approximately 7 mm (0.3 in) of the outer jacket with the 16 
gauge wire strippers. Excess webbing on duplex cable 
may have to be trimmed to allow the connector to slide 


over the cable. 
ZF 


Step 2 

Place the crimp ring and connector over the end of the 
cable; the fiber should protrude about 3 mm (0.12 in.) 
through the end of the connector. Carefully position the 
ring so that it is entirely on the connector and then crimp 
the ring in place with the crimping tool. 


Note: Place the gray connector on the cable end to be 
connected to the transmitter and the blue connector on 
the cable end to be connected to the receiver to maintain 
the color coding (both connectors are the same 
mechanically). 


wee 


— 


CRIMP RING 

Step 3 

Any excess fiber protruding from the connector end may 
be cut off; however, the trimmed fiber should extend at 
least 1.5 mm (0.06 in.) from the connector end. 


Insert the connector fully into the polishing fixture with the 
connector end protruding from the bottom of the fixture. 


For high volume connectoring use the hardened steel 
HFBR-4596 polishing fixture. 


Note: The four dots on the bottom of the polishing fixture 
are wear indicators. Replace the polishing fixture when 
any dot is no longer visible. 


Place the 600 grit abrasive paper ona flat smooth surface. 
Pressing down on the connector, polish the fiber and the 
connector until the connector is flush with the end of the 
polishing fixture. Wipe the connector and fixture with a 
clean cloth or tissue. 


{| FIBER END 


ae Mecca 1.5mm: 
MINIMUM 
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Step 4 

Place the flush connector and polishing fixture on the dull 
side of the 3 micron pink lapping film and continue to pol- 
ish the fiber and connector for approximately 25 strokes. 
The fiber end should be flat, smooth and clean. 


The cable can now be used. 


Note: Use of the pink lapping film fine polishing step 
results in approximately a 2 dB improvement in coupling 
performance of either a transmitter-receiver link or a bulk- 
head/splice over 600 grit polish alone. This polish is 
comparable to Hewlett-Packard’s factory polish. The fine 
polishing step may be omitted where an extra 2 dB of 
optical power is not essential as with short link lengths. 


POLISHING FIXTURE 





POLISHING PAPER 


Mechanical Dimensions All dimensions in mm (inches). 


All dimensions +0.25 mm unless otherwise specified. 


HFBR-15XX (GRAY OR BLACK)/250X (BLUE) MODULE 






7.1 (.280) 
Y te 
= 


5.3 (.210) 


ME 
a 


2.5 MIN 
(.100) 
0.65 MAX 
(.025) 





BULKHEAD FEEDTHROUGH WITH TWO HFBR-4501/4511 
CONNECTORS | 





_ 51.1 
(2.010) REF: 
27.7 
—(1 (030) +0 920) 
Y 
r) 7 






Opt 
AY 
ae | 


MAX. WALL THICKNESS: 
4.1 (0.160) 


HFBR-4501 (GRAY)/4511 (BLUE) CONNECTOR 


7.6 (.300) ¢ 


2.2 (0.090)¢ 


3.8 (0.15)¢ 






a tos . 
1.4 (.055) - ie 


CONNECTORS DIFFER ONLY IN COLOR 


19.1 (.75) | 


25.4 (1.00) 


HFBR-4505 (GRAY)/4515 (BLUE) BULKHEAD FEEDTHROUGH 








6.4 
Perici 5/16-32 
; UNEF-2A 
79 
(0.310) ; 
DIA. MAX. (0.420) 


BULKHEAD FEEDTHROUGHS DIFFER ONLY IN COLOR 
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PANEL MOUNTING 


| (0.125) MIN. 


64 
Cito MN: 


DOUBLE ‘D’ ‘D’ HOLE 
7.9 (0.312) DIA. MIN. 7.9 (0.312) DIA. MIN. 


7.9 (0.312) 


DIMENSIONS IN mm (INCHES) 
ALL DIMENSIONS +0.2 mm UNLESS NOTED. 


HOLE MIN. 


FIBER OPTIC CABLE CONSTRUCTION 


Simplex Duplex 





5-89 





HEWLETT 
PACKARD 


@ 


Featu res 


DC TO 5 MBAUD DATA RATE 
e MAXIMUM LINK LENGTH 
625 Metres (Guaranteed) 
1600 Metres (Typical) 
TTL/CMOS COMPATIBLE OUTPUT 
MINIATURE, RUGGED METAL PACKAGE 
SINGLE +5V RECEIVER POWER SUPPLY 
INTERNALLY SHIELDED RECEIVER FOR 
EMI/RFI IMMUNITY 
PCB AND PANEL MOUNTABLE 
e LOW POWER CONSUMPTION 


Applications 


EMC REGULATED SYSTEMS (FCC, VDE) 
EXPLOSION PROOF SYSTEMS IN OIL 
INDUSTRY/CHEMICAL PROCESS 
CONTROL INDUSTRY 
SECURE DATA COMMUNICATIONS 

e WEIGHT SENSITIVE SYSTEMS 
(e.g. Avionics, Mobile Stations) 

e HIGH VOLTAGE ISOLATION IN POWER 
GENERATION 


Description 


The HFBR-1202 Transmitter and HFBR-2202 Receiver are 
SMA style connector compatible fiber optic link compon- 
ents. Distances to 1600 metres at data rates up to 5 MBaud 
are achievable with these components. 


The HFBR-1202 Transmitter contains a high efficiency 
GaAlAs emitter operating at 820nm. Consistent coupling 


Mechanical Dimensions 


HFBR-1202 TRANSMITTER 


1/4-36 UNS-2A THREAD FLAT FLAT 
2.54 (.100) DIA. \ 

PINCIRCLE Sool 

“oO 

1.9 
(.075) WHITE BACKFILL 
15.9 
_ 11.4 (.45) 
(.625) ae 








MINIATURE 
FIBER OPTIC 
LOGIC LINK 


HFBR-1202 
HFBR-2202 
HFBR-4202 





efficiency is assured by factory alignment of the LED with 
the optical axis of the package. Power coupled into the 
fiber varies less that 4dB from part to part at a given 
temperature and drive current. The benefit of this is re- 
duced dynamic range requirements on the receiver. 


The HFBR-2202 Receiver incorporates a photo IC contain- 
ing a photodetector and dc amplifier. An open collector 
Schottky transistor on the IC provides logic compatibility. 
The combination of an internal EMI shield, the metal 
package and an isolated case ground provides excellent 
immunity to EMI/RFI. For unusually severe EMI/ESD en- 
vironments, a snap-on metal shield is available. The re- 
ceiver is easily identified by the black epoxy backfill. 


The HFBR-1202 Transmitter and HFBR-2202 Receiver are 
compatible with SMA style connectors, types A and B (see 
Figure 11. 


HFBR-2202 RECEIVER 


| 5. 84 BLACK 
(.230) BACKFILL 


6.35 
(.250) 








DIMENSIONS IN MILLIMETRES (INCHES) 
UNLESS OTHERWISE SPECIFIED, THE TOLERANCES ARE: 


Xt 51 mm (.XX + .02 IN) 


XX + .13 mm (.XXX + .005 IN) 
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System Design Considerations 


The Miniature Fiber Optic Logic Link is guaranteed to work 
over the entire range of 0 to 625 metres at a data rate of dc 
-5 MBad, with arbitrary data format and typically less than 
25% pulse width distortion, if the Transmitter is driven with IF 
= 40 mA, Ri = 822. If it is desired to economize on power or 
achieve lower pulse distortion, then a lower drive current (IF) 
may be used. The following example will illustrate the tech- 
nique for optimizing IF. 


EXAMPLE: Maximum distance required = 250 metres. 
From Figure 2 the worst case drive current = 20 mA. From 
the Transmitter data — VF = 1.8V (max.). 


_Vcoco—VF_5— 


R1 
IF 


The optical power margin between the typical and worst 
case curves (Figure 2) at 250 metres is 4dB. To calculate the 
worst case pulse width distortion at 250 metres, see Figure 8. 
The power into the Receiver is PRL + 4 dB = -20 dBm. 
Therefore, the typical distortion is 40 ns or 20% at 5 MBd. 


CABLE SELECTION 


The link performance specifications on the following page 
are based on using cables that contain glass-clad silica 
fibers with a 100um core diameter and 140 um cladding 
diameter. This fiber type is now a user accepted standard 
for local data communications links (RS-458, Class I, Type 
B). The HFBR-1202 Transmitter and HFBR-2202 Receiver 
are optimized for use with the 100/140 um fiber. There is, 
however, no fundamental restriction against using other 
fiber types. Before selecting an alternate fiber type, several 
parameter need to be carefully evaluated. 


Typical Circuit Configuration 


NOTE: 

IT IS ESSENTIAL THAT A BYPASS CAPACITOR (0.01 uF to 0.1 uF 
CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 4 OF THE RECEIVER. 
TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR 
AND THE PINS SHOULD NOT EXCEED 20 mm. 


SELECT Ry TO SET Ir 


HFBR-1202 
ip TRANSMITTER 


+5V 


DATAIN If} 


| 
1/2 75451 





—> | 2 
3 eae 4 3D AAA_| 
TIL HW} i Fe) —— 

2 } ( i ( 4 


Q 


TRANSMISSION 
DISTANCE 


—_———— ~CABLE/CONNECTOR ASSEMBLY ————-—" 


will significantly affect the optical power coupled into the 
fiber are as follows: 


Fiber Core Diameter. As the core diameter is increased, 
the optical power coupled increases, leveling off at about 
250 um diameter. 

. Numerical Aperture (NA). As the NA is increased, the 
optical power coupled increases, leveling off at an NA of 
about 0.34. 

. Index Profile (a). The Index profile parameter of fibers 

varies from 2 (fully graded index) to infinite (step index). 

Some gains in coupled optical power can be achieved at 

the expense of bandwidth, when a is increased. 


a. 


In addition to the optical parameters, the environmental 
performance of the selected fiber/cable must be evaluated. 
Finally, the ease of installing connectors on the selected 
fiber/cable must be considered. Given the large number of 
parameters that must be evaluated when using a non- 
standard fiber, it is recommended that the 100/140 um fiber 
be used unless unusual circumstances warrant the use of an 
alternate fiber/cable type. 


SMA STYLE CONNECTORS 


The HFBR-1202/2202 is compatible with either the Type A or 
Type B SMA style fiber optic connector (see Figure 11). The 
basic difference between the two connectors is the plastic 
half-sleeve on the stepped ferrule tip of the Type B connec- 
tor. This step provides the capability to use a full length 
plastic sleeve to ensure good alignment of two connectors 
for an inline splice. Hewlett-Packard offers connectored 
cable that utilizes the Type A connector system because of 
the inherent environmental advantages of motal-to-metal 
interfaces. 


TTL DATA 
HFBR-2202 our 


RECEIVER 


Vec 


[ 





Figure 1. 
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Recommended Operating Conditions | te ey 
[Parameter S| Symbol_—| Min, | Max. | Units | Reference | 


TRANSMITTER | . 
ae 
























+85 


Prenowitr SSCS SN Yd Cd Ce 


CABLE (see SMA connectored cable data sheet) 








Conditions Reference 
Fig. 2, Note 9 


Note 10 


Data Rate 
Synchronous 
Note 10, Fig. 8 


Propagation Delay tPLH . Ta = 25°C, Fig. 7, 8, 9 
LOW to HIGH 3 PR =-21 dBm 

Propagation Delay tPHL , | IF, pK=15mA 
HIGH to LOW | 
System Pulse Width to . | 2 = 1 metre 
Distortion _ 


Bit Error Rate Data Rate <5 MBaud 
PR> -24 dBm (4uW) 








NOMOGRAPH | 
dBm - v.W CONVERSION 
-10 100 
90 
80 
70 
-12 60 
re 
WORST CASE 
< ane ; -14 40 
40°C, +85°C . 35 
| © 30. 
wp -16 25 
os oc 
Toa) rs ui 20 
oe & 5 -18 
re = a. 15 
Eo > 
a E dBm -20 10 ww 
zs < 9 
ga iw 8 
ce cc 7 
-22 6 
: 5 
= -24 4 
3 
-26 
2 
¢ — LINK (CABLE) LENGTH — m 
-28 
1.5 
-30 1 


Figure 2. System Performance: HFBR-1202/HFBR-2202 with HP’s 100/140 .m fiber cable 
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HFBR-1202 TRANSMITTER HFBR-1202 TRANSMITTER 


Absolute Maximum Ratings 
: 1 
CATHODE 


Soldering 


Input 
Current 














Parameier [Conditions | _ Reference 


Forward Voltage AVF/AT -0.91 mvV/°C lF=40 mA Figure 5 
Temperature Coefficient 

Reverse Breakdown V IR = 100 pA 

Voltage 

Optical Port Diameter | Dr | ym len ee eed Note 11 


Peak Emission 820 nm Figure 6 
Wavelength 
B 


Peak Output Optical -16 -13 dBm | IrF=40mA Figure 3 
PT 


ak 
on 
+ 
Go 























: 






Power Coupled into 
HFBR-3000 Fiber 
dBm | Ir=40mA 
pw -40°C < Ta < 85°C 


Cable/Connector 
ia + om 
PT 
W 








— 

a 

©o 
e 

Oo}: 


Assembly, 100/140 um 


Output Optical Power 
Coupled into 50/125 um 
Fiber 








lF=40 mA 
Ta = 25°C 


Figure 3 
Notes 14,15 












lF=40 mA 
Ta = 25°C 


Output Optical Power 
Coupled into Siecor 
100/140 um Fiber Cable or 
Equivalent 






Figure 3 
Notes 15, 16 






lp PK=10mA Note 8 
Figure 7 


5. Measured at the end of HP’s 100/140 um Fiber Optic Cable with large 
area detector. 
6. When changing microwatts to dBm, the optical flux is referenced to one 
milliwatt (1000 pW). P (uW) 
Optical Flux, P (dBm) = 10 log 999 uw 





Notes: 

1. Typical data at Ta = 25°C, Vcc = 5.0V dc. 

2. 2.0 mm from where leads enter case. 

3. 8 mA load (5 x 1.6 mA). Ri = 5600. 

4. Measured at the end of 1.0 metre HP’s 100/140 ym Fiber Optic Cable 
with large area detector and cladding modes stripped, terminated with 





the appropriate type of connector. This assembly approximates a 7. IFpK should not be less than 10 mA in the “ON” state. This is to avoid 
Standard Test Fiber. The fiber NA is 0.28, measured at the end of the long turn-on time that occurs at low input current. Irav may be 
greater than 300 metres length of fiber, the NA being defined as the arbitrarily low, as there is no duty factor restriction. 


sine of the half angle determined by the 10% intensity points. 


WARNING: OBSERVING THE TRANSMITTER OUTPUT viewed under magnification, precaution should be taken to 
POWER UNDER MAGNIFICATION MAY CAUSE INJURY avoid exceeding the limits recommended in 

TO THE EYE. When viewed with the unaided eye, the ANSI Z136.1-1981. 

infrared output is radiologically safe; however, when 
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HFBR/2202 RECEIVER - 
Absolute Maximum Ratings es 
| Parameter ————_—| Symbol | Min. | Max. | Units [Reference] 


HFBR/2202 RECEIVER 




















Vec 

Storage Temperature -55 +85 Eo ae “a DATA 

: CASE 
Operating Temperature -40 | +85 : a COMMON 


Lead ~ 


| 
Soldering 
| Ca 
FoutputGurent | to | | %|[ml| | 


Electrical/Optical Characteristics 4° '9+85°¢ and 4.75 < Veo = 5.28 V 


Output Collector — 
Power Dissipation 
unless otherwise specified. - b= 


5 250 | wA Vo = 18V 
a Pr < -40 dBm 


lo=8mA 
PR >-24 dBm 


a 

ICCH : | Voc = 5.25 V 
a 
aa 










O};e< 
5 : 
i] 

Oo 
[o> 
+ 
Co 
(on) 
















Parameter 


High Level Outp 
Current 











ut 





Low Level Output 
Voltage 









High Level Supply 
Current 












L ow Level Supply 
Current 






6.2 10 mA Vec = 5.25 V 
PR > -24 dBm 


Dynamic Characteristics —40°C to +85°C and 4.75 < Vcc < 5.25 V unless otherwise specified. 
[Parameter | Symbol | min. | Typ'| Max | Units | Conditions _—_—_—| Reference 
PRH | 






Input Power Level . 










Logic HIGH 

Input Power Level PRL 

Logic LOW 

Propagation Delay tPLHR . 65 _ nsec TA = 25°C, PR=-21 dBm 

LOW to HIGH | . | 
| Propagation Delay tPHLR 49 nsec’ ara 
_ HIGH to LOW 
Notes: 11. Dt is measured at the plane of the fiber face and defines a diameter where 


the optical power density is within 10 dB of its maximum. — . 

12. Dris the effective diameter of the detector image on the plane of the fiber. 

.data-rate-limiting effects and of transmission-time effects. Because of . face. The numerical value is the product of the actual detector diameter 

this, the data-rate limit of the system must be described in terms of time and the Tens magnification. or 

differentials between delays imposed on falling and rising edges. 13. HP’s 100/140 um Fiber Cable is specified at a narrower temperature 
range, -20°C to 85°C. 

. Measured at the end of 1.0 metre 50/125 um fiber with large area detector 
and cladding modes stripped, approximating a Standard Test Fiber. The 
fiber NA is 0.21, measured at the end of a 2.0 metre length, the NA being 

9. Worst case system performance is based on.worst case performance of Geined gs inosine OF Me nationgle termined Py ene a Gi pees ini sieity 

individual components: transmitter at +85° C, receiver at -40° C and cable points. ; ; : ; ; 
at- 20°C. 15. Output Optical Power into connectored fiber cable other than HP’s 

‘Fiber Optic Cable/Connector Assemblies may be different than speci- 


duty factor modulation, e.g. Manchester | or BiPhase (Manchester II): fied because of mechanical tolerances of the connector, quality of the 


ee fiber surface, and other variables. 
pee aca data; 1c) PLL (Phase Lock Loop) demodulation; td) TTL 16. Measured at the end of 1.0 metre Siecor 100/140 um fiber cable or 


equivalent, with large area detector and cladding modes stripped, termi- 
nated with the appropriate type of connector. This assembly ap- 
_ proximates a Standard Test Fiber. The fiber NA is 0.275, measured at the 
The EYE pattern describes the timing range within which there is no end of a2.0 metre length, the NA being defined as the sine of the half angle 
uncertainty of the logic state, relative to a specific threshold, due to determined by the 5% of peak intensity points. ve 
either noise or intersymbol (prop. delay) effects. 


8. Propagation delay through the system is the result of several 
sequentially-occurring phenomena. Consequently it is a combination of 


As the cable length is increased, the propagation delays increase at 5 ns 14 
per metre of length increase. Data rate, as limited by pulse width distor- 

tion, is not affected by increasing cable length if the optical power level 

at the Receiver is maintained. . 


10. Synchronous data rate limit is based on these assumptions: (a) 50% 


Asynchronous data rate limit is based on these assumptions: (al NRZ 
data; (b) arbitrary timing — no duty factor restriction; (c) TTL threshold. 
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at 5 Mb/s. (see note 10) 















RESISTOR VALUE AS NEEDED FOR 

; see SETTING OPTICAL POWER OUTPUT 

3 FROM RECEIVER END OF TEST CABLE <— 100 ns PULSE REPETITION 100 ns: 
FREQ. = 1MHz 





%75451 1N914 


se en 





Ip x1022 


p, — FROM 1-METRE TIMING 
T — TEST CABLE eel ere 
EQUIPMENT 


Figure 9. System Propagation Delay Test Circuit and Waveform Timing Definitions 
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Typical Circuit Configuration 





HFBR-1201 TRANSMITTER 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of dirt; 
methanol or Freon™ on a cotton swab also works well. 


Horizontal PCB Mounting 


Mounting at the edge of a printed circuit board with the - 


lock nut overhanging the edge is recommended. 


When bending the leads, avoid sharp bends right where the. 
lead enters the backfill. Use needle nose pliers to support 


MOUNTING HARDWARE: HFBR-4201 
1 EMI/ESD SHIELD 
1 1/4-32 NUT 
1 1/4 x .005 INCH WASHER 
2 2-56 SELF TAPPING SCREWS 
1 MOUNTING BRACKET 


1/4 x .005 INCH WASHER 





DIMENSIONS FOR BULKHEAD 
MOUNTING HOLE 


5.88 (.235) 
6.25 (.250) 
DIA. 


(STANDARD 1/4 1NCH “D’’ HOLE — RU PUNCH) 


2-56 SELF TAPPING SCREWS 
(METRIC EQUIV. M2.2 x 0.45) 


EMI/ESD SHIELD 


} 
1/4-32 NUT O ) 


HFBR-2201 RECEIVER 


It is essential that a bypass capacitor (0.01 uF to 0.1 uF 


ceramic) be connected from pin 2 to pin 4 of the receiver. 


Total lead length between both ends of the capacitor and 
the pins should not exceed 20 mm. 


the leads at the base of the package and bend the leads as 
desired. . 


_ When soldering, it is advisable to leave the protective cap 


on the unit to keep the optics clean. 







MOUNTING BRACKET 
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HFBR-1202 TRANSMITTER 


1.95 (.078) DIA. HOLES ACCEPT A 
2-56 SELF TAPPING SCREW 






1/4-36 UNS-2A 
THREAD | 


_ READ FLAT 


3.94 3.94 (.155) UI 155) 


meer 75 ( a 


TRANSMITTER PCB LAYOUT DIMENSIONS 


2.54 (.100) DIA. 









.625 (.025) DIA. PIN CIRCLE __ 1.95 (.062) DIA. 
poze) HE MOUNTING HOLES FOR 
EMI/ESD SHIELD 
3.875 (.155) 4 ens t 
ANODE (@) @* reas 
ee 1.625 (.065) 
=o. : 
; 2.25 (.090) DIA. 
5.00 (.200) sete CLEARANCE HOLES FOR 
. (. ) MOUNTING BRACKET SCREWS 





PCB EDGE 


HFBR-2202 RECEIVER 
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RECEIVER PCB LAYOUT DIMENSIONS 


2.54 (.100) DIA. 


PIN CIRCLE 1.55 (.062) DIA. 


MOUNTING HOLES FOR 
EMi/ESD SHIELD 


.625 (.025) DIA. 













CASE COM: 
GND 


Voc Or" 


3.875 (.155) 
1.625 (.065) 


tee (.090) DIA. 
5.00 (.200) 9 CLEARANCE HOLES FOR 


.37 (.375) MOUNTING BRACKET SCREWS 


PCB EDGE 


Figure 13. Mounting Dimensions 
DIMENSIONS IN MILLIMETRES (INCHES). 





Ordering Guide 





Transmitter: HFBR-1202 (SMA Connector Compatible) 
Receiver: HFBR-2202 (GMA Connector Compatible) 
Mounting 

Hardware: HFBR-4202 (SMA Connector Compatible) 
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HIGH EFFICIENCY — 
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Features 


e OPTICAL POWER COUPLED INTO 100/140 um 
FIBER CABLE 
—9.8 dBm Guaranteed at 25° C 
—7.4 dBm Typical 


e FACTORY ALIGNED OPTICS 
e RUGGED MINIATURE PACKAGE 
¢ COMPATIBLE WITH SMA CONNECTORS 


Description 


The HFBR-1204 Fiber Optic Transmitter contains an etched- 
well 820nm GaAlAs emitter capable of coupling greater 
than -10dBm of optical power into HP’s 100/140 um SMA 
connectored cable assemblies. This high power level is 
useful for fiber lengths greater than 1 km, or systems where 
star couplers, taps, or in-line connectors create large fixed 
losses. 


Consistent coupling efficiency is assured by factory 
alignment of the LED with the mechanical axis of the 
package connector port. Power coupled into the fiber var- 
ies less than 5 dB from part to part at a given drive current 
and temperature. The benefit of this is reduced dynamic 
range requirements on the receiver. 


High coupling efficiency allows the emitters to be driven at 
low current levels resulting in low power consumption and 
increased reliability of the transmitter. Another advantage 
of the high coupling efficiency is that a significant amount 
of power can still be launched into smaller fiber such as 
50/125 um (-19.1 dBm typ.). 


The HFBR-1204 transmitter is housed in a rugged miniature 
package. The lens is suspended to avoid mechanical con- 
tact with the active devices. This assures improved reliability 
by eliminating mechanical stress on the die due to the lens. 
For increased ESD protection and design flexibility, both 
the anode and cathode are insulated from the case. 


Mechanical Dimensions 





HFBR-1204 


FIBER OPTIC 


TRANSMITTER 





HFBR-1204 is compatible with SMA style connectors. The 
low profile package is designed for direct mounting on 
printed circuit boards or through panels without additional 
heat sinking. A complete mounting hardware package 
(HFBR-4202) is available for horizontal mounting on PCBs, 
including a snap-on metal shield for harsh EMI/ESD en- 


vironments. 
DETECTOR IC 






LENS CLIP 
LENS _ 
WINDOW 
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TO-46 HEADER METAL CONNECTOR PORT 


Figure 1. Cross Sectional View 
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DIMENSIONS IN MILLIMETRES (INCHES) 
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HFBR- 1204 TRANSMITTER 
Absolute Maximum Ratings 


Storage Temperature ANODE 
Operating Temperature 3 CASE 


HFBR-1204 TRANSMITTER 


Lead ‘ CATHODE 


Soldering 
Cycle 


Forward 
Input 
Current 









Reference 


Forward Voltage AVF/AT 
Temperature Coefficient 

Reverse Breakdown 

nolaoe 


fal 

| NA 

Ler 
Peak Emission 
ef 

























Figure 5 













Peak Output Optical 74 -5.0 lp =100 mA | Figure 3, 4 





HP’s 100/140 um 
SMA Connectored 
Cable 


l— =100 mA 6,8 


-40°C < Ta < 85°C 






l—F = 100 mA 
TA=25°C 


Output Optical Power 
Coupled into 50/125 um 
Fiber 


Figure 3, 4 
Notes 5, 7 





















l—F = 100 mA 
TA= 25°C 


Output Optical Power 
Coupled into Siecor 
100/140 um Fiber Cable 
or Equivalent 


Figure 3, 4 
Notes 5, 11 










Optical Power l— = 100 mA 
Temperature Coefficient 
Case Isolation 


Resistance 


APtT/AT 
RCASE 
(Case to Pins 1 or 2) 


VCASE = 25 V 


Rise Time, Fall Time nsec Figure 6 
(10 to 90%) tr, tf | Note 10 
WARNING: OBSERVING THE TRANSMITTER OUTPUT infrared output is diologically safe; noweuel when viewed 
POWER UNDER MAGNIFICATION MAY CAUSE INJURY under magnification, precaution should be taken to avoid 


TO THE EYE. When viewed with the unaided eye, the exceeding the limits recommended in ANSI Z136.1-1981. 








Notes: 

1. 2.0 mm from where leads enter case. because of mechanical tolerances of the connector, quality of 

2. Typical data at Ta = 25°C. the fiber surface and other variables. 

3. Dy is measured at the plane of the fiber face and defines a 6. Measured at the end of 1.0 metre of HP’s 100/140 um Fiber 
diameter where the optical power density is within 10 dB of the Optic Cable with large area detector and cladding modes 
maximum. stripped, terminated with the appropriate type of connector. 

4. HP’s 100/140 um fiber cable specified at a narrower temperature This assembly approximates a Standard Test Fiber. The fiber 
range, -20°C to 85°C. NA is 0.28, measured at the end of greater than 300 metres 

5. Output Optical Power into connectored fiber cable other than length of fiber, the NA being defined as the sine of the half 
HP’s Cable/Connector Assemblies may be different than specified angle determined by the 5% intensity points. 
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7. Measured at the end of 1.0 metre 50/125 um fiber with large 


area detector and cladding modes stripped, approximating a 

















10. 


Measured with a 1 mA pre-bias current and terminated into 
a 50 ohm load. . : 

















eee a ee ds Meacured/at the end of 1.0 metre Siecor 100/140 um fiber 
end of a 2.0 metre length, the NA Being Getined as the sine cable or equivalent, with large area detector and cladding 
of the half angle determined by the 5% of peak intensity . modes stripped, terminated with the appropriate type of 
points. connector. This assembly approximates a Standard Test 
| When changing microwatts to dBm, the optical power is ref- Fiber. The fiber NA is 0.275, measured at the end of a 2.0 
erenced to 1 milliwatt (1000 ~W). metre length, the NA being defined as the sine of the half 
Optical Power, P (dBm) = 10 log P (uW)/1000 uW angle determined by the 5% of peak intensity points. 
. Thermal resistance is measured with the transmitter coupled 
to a connector assembly and mounted on a printed circuit 
board with the HFBR-4202 mounting hardware. 
3 
| 
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Figure 2. Forward Voltage and Current Characteristics Figure 3. Normalized Thermal Effects in Transmitter Output 
mA 8 
0 | 
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uw a6 ght ene le MIN OR Ge fis la 
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Figure 4. Normalized Transmitter Output vs. DC Forward Figure 5. Transmitter Spectrum Normalized to the Peak at 
Current 25°C 
Transmitter. HFBR-1204 (GMA Connector Compatible) Mounting. : 
Hardware: HFBR-4202 (SMA Connector Compatible) 
Receiver: = HFBR-2202 (5 MBaud, SMA Connector) | | | | 


HFBR-2204 (40 Mbaud, SMA Connector Fiber Optic Cable — see data sheets 


Compatible) 
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High Speed Operation 


Rise and fall times can be improved by using a pre-bias 
current and “speed-up” capacitor. A 1 mA pre-bias current 
will significantly reduce the junction Capacitance and will 
couple less than -34 dBm of optical power into the fiber 
cable. The TTL compatible circuit in Figure 7 using a 
speed-up capacitor will provide typical rise and fall times 
of 10 ns. 


Veoc-V 
IPEAK = 100 mA = See ee 
34.90, 
Voc — VF 
| = 78mA= —— 
aoe 34.9+ 100 











HP8082A 
PULSE 
GENERATOR | 











“SILICON HIGH SPEED 
AVALANCHE OSCILLOSCOPE 
PHOTODIODE 







50 Q2 
LOAD 
RESISTOR 


oonhonm 
— 
-_ 


Figure 6. Test Circuit for Measuring tr, ts 


34.9 2 (1W) 





Figure 7. High Speed TTL Circuit 


Link Design 


With transmitter performance specified as power in dBm 
into a fiber of particular properties (core size, NA, and 


index profile), and receiver performance given in terms of . 


the power in dBm radiated from the same kind of fiber, 
then the link design equation is simply: 


(1) Pr -2+ ao = PR 
where 
Pr = transmitter power into fiber (dBm) 
& = fiber (cable) length (km) 


ado = fiber attenuation (dB/km) 
PR = receiver power, from fiber, (dBm) 


For transmitter input current in the range from 10 to 100 
mA, the power varies approximately linearly: 
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(2) PT = Po + 10 log (I/lo) 


where 
Po = transmitter power specification (dBm) at lo 
lo = specified transmitter current (100 mA) 
| = selected transmitter current (mA) 


To allow for the dynamic range limits of proper receiver 
performance, it is necessary that a link with maximum 
transmitter power and minimum attenuation does not 
OVERDRIVE the receiver and that minimum transmitter 
power with maximum attenuation does not UNDERDRIVE 
it. These limits can be expressed in a combination of the 
two equations above: 


(3) Po MAX + 10 log (IMAx/lo) — & * @oMIN < PR MAX 
(4) Po MIN + 10 log (IMIN/lo) -— 2 * @oMAX > PR MIN 
where | 
Po MAX, Po MIN = max., min. specified power from 
transmitter (dBm) at | = lo 
IMAX, IMIN = max., min. selected transmitter 
operating current (mA) 
PR MAX, PR MIN= max., min. specified power at 


receiver (dBm) 
Q@oMAX, @oMIN. = mMax., min. attenuation (dB/km) 


A more useful form of these equations comes from solving 
them for the current ratio, expressed in dB: 


(5). 10 log (IMAx/lo) < PR MAX — Po MAX + & * aoMIN 
(6) 10 log (IMIN/lo) > PR MIN ~ Po MIN + &* @oMAX 


These are plotted in Figure 8 as the OVERDRIVE LINE:, 
and UNDERDRIVE LINE, respectively for the following 
components: 


HFBR-1204 Transmitter -11.2 < P7 < -4 dBm 
HFBR-2204 Receiver (25 MHz) -28.5 < Pp < 12.6 dBm 
HFBR-2204 Receiver (2.5 MHz) -35.5< Pr, < -12.6 dBm 
HP’s 100/140 um Fiber Cable 4 < <9 <8dB/km 


100 


50 


20 


| — DRIVE CURRENT — mA 
10 LOG (I/I9) — CURRENT RATIO — dB 





g — CABLE LENGTH — km 


Figure 8. Link Design Limits. 


These design equations take account only of the power 
loss due to attenuation. The specifications for the receiver 
and transmitter include loss effects in end connectors. If 
the system has other fixed losses, such as from directional 
couplers or additional in-line connectors, the effect is to 
shift both OVERDRIVE and UNDERDRIVE lines upward 
by the amount of the additional loss ratio. 





40 MBd MINIATURE. 


HEWLETT 
PACKARD 
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Features 

¢ DATA RATES UP TO 40 MBd 

¢ HIGH OPTICAL COUPLING EFFICIENCY 
e RUGGED, MINIATURE METAL PACKAGE 


e¢ COMPATIBLE WITH SMA STYLE 
CONNECTORS 


e VERSATILE ANALOG RECEIVER OUTPUT 
e 25 MHz ANALOG BANDWIDTH 


Applications © 

° DATA ACQUISITION AND PROCESS CONTROL 
* SECURE DATA COMMUNICATION 

¢ EMC REGULATED SYSTEMS (FCC/VDE) 

¢ EXPLOSION PROOF SYSTEMS | 


e WEIGHT SENSITIVE SYSTEMS (e.g., AVIONICS, 
MOBILE STATIONS) | 


e VIDEO TRANSMISSION 


Description 


The HFBR-2204 Receiver is capable of data rates up to 
40MBd at distances greater than 1km when used with 
cable and HFBR-1202/4 Transmitters. The HFBR-2204 Re- 
ceivers contains a discrete PIN photodiode and preamplifier 
IC. 


Mechanical Dimensions 





HFBR-2204 


FIBER OPTIC 
RECEIVER | 





The signal from this simple analog receiver can be optimized 
for a variety of transmission requirements. For example, the 
circuits in Application Bulletin 73 add low-cost external 
components to achieve logic compatible signal levels op- 
timized for various data formats and data rates. 


Each of these fiber optic components uses the same rugged, 
lensed, miniature package. This package assures.a consis- 
tent, efficient optical coupling between the active devices 
and the optical fiber. | : 


The HFBR-2204 Receiver is compatible with SMA style 
connectors, types A and B (see Figure 11 and HP’s 
100/140 um SMA connectored cable assemblies. HP’s 
100/140 wm fiber ootic cable can be ordered with or without 
connectors. 


HFBR-2204 RECEIVER 


6.35 
(.250) 





oOo = 
= mei 


DIMENSIONS IN MILLIMETRES (INCHES) 


V 


| | .450 (.018) 
TYP. 


FLAT 





GREEN 
BACKFILL 


FUNCTION 
ASE 


IGNAL 
OMMON 
cc 





UNLESS OTHERWISE SPECIFIED, THE TOLERANCES ARE: 


X + bt mm (.XX + .02 IN) 


XX + .13 mm (.XXX +.005 IN) 
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Electrical Description 


The HFBR-2204 Fiber Optic Receiver contains a PIN photo- 
diode and low noise transimpedance pre-amplifier hybrid 
circuit with an inverting output (see note 10). The HFBR- 
2204 receives an optical signal and converts it ot an analog 
voltage. The output is a buffered emitter-follower. Because 
the signal amplitude from the HFBR-2204 Receiver is much 
larger than from a simple PIN photodiode, it is less sus- 
ceptible to EMI, especially at high signal rates. 


The frequency response is typically dc to 25 MHz. Although 
the HFBR-2204 is an analog receiver, it is easily made 
compatible with digital systems (see Application Bulletin 
73). Separate case and signal ground leads are provided 
for maximum design flexibility. 


It is essential that a bypass capacitor (0.01 uF to 0.1 pF 
ceramic) be connected from Pin 4 (Vcc) to Pin 3 (circuit 
common) of the receiver. Total lead length between both 
ends of the capacitor and the pins should be less than 20 
mm. | 


Mechanical Description 


The HFBR-2204 Fiber Optic Receiver is housed in a mini- 
ature package intended for use with HP’s 100/140 um SMA 
connectored cable assemblies. This package has important 
performance advantages: 


1. Precision mechanical design and assembly procedures 
assure the user of consistent high efficiency opi 
coupling. 


2. The lens is suspended to avoid contact with the active 
devices, thereby assuring improved reliability. 











VLLLLA 


Nz 





WINDOW 


3. The versatile miniature package is easy to mount. This 

low profile package is designed for direct mounting on 

_ printed circuit boards or through panels without addi- 
tional heat sinking. 


A complete mounting hardware package is available for 
horizontal PCB applications, including a snap-on metal 
shield for harsh EMI/ESD environments. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of 
dirt; Methanol or Freon on acotton swab also works well. 
Note: 

When installing connectored cable on the optical port, do 
not use excessive force to tighten the nut. Finger tighten- 
ing is sufficient to ensure connectoring integrity, while 
use of a wrench may Cause damage to the connector or 
the optics. 


System Design Considerations 


For additional information, see Application Bulletin 73. 


OPTICAL POWER BUDGETING 


The HFBR-2204 Fiber Optic Receivers when used with the 
HFBR-1202 Fiber Optic Transmitter can be operated at a 
signalling rate of more than 40 MBd over a distance greater 
than 1000 metres (assuming 8dB/km cable attenuation). 
For shorter transmission distances, power consumption can 
be reduced by decreasing Transmitter drive current Ata 
lower data rate, the transmission distance may be increased 
by applying bandwidth-filtering at the output of the Hf BR 


LENS CLIP 


FIBER 


CONNECTOR 
FERRULE 


Figure 1. Cross Sectional View 
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2204 Receiver; since noise is reduced as the square root of 
the bandwidth, the sensitivity of the circuit is proportionately 
improved provided these two conditions are met: 


a. input-referred noise of the follow on circuit is well below 
the filtered noise of the Receiver 

b. logic comparator threshold is reduced in the same pro- 
portion as the noise reduction. 


As an example, consider a link with a maximum data rate of 
10 MBd (e.g., 5 Mb/s Manchester); this requires a3 dB band- 
width of only 5 MHz. For this example, the input-referred rms 
noise voltage of the follow-on circuit is 0.03 mV. The equi- 
valent optical noise power of the complete receiver (PNo) is 
given by: | 


PNo = [(VNo)2 (B/Bo) + (Vni)2]°-5 /Rp 


VNoO =rms output noise voltage of the HFBR-2203/04 
with no bandwidth filtering 
Vnt_ = input-referred rms noise voltage of the follow-on 


circuit 
B = filtered 3 dB bandwidth 
Bo = Unfiltered 3dB bandwidth of the HFBR-2203/04 
(25 MHz) 
Rp = optical-to-electrical responsivity (mV/yW) of the 
HFBR-2240 | 


Note that noise adds in an rms fashion, and that the square of 

the rms noise voltage of the HFBR-2204 is reduced by the 

bandwidth ratio, B/Bo. 

From the receiver data (Electrical/Optical Characteristics) 

taking worst-case values, and applying NO bandwidth filter- 

ing (B/Bo = 1): | z 

PNo = [(0.43)2+(0.03)2]9-5 mV =0.094uW or -40.3 dBm 
4.6 mV/uW 


To ensure a bit error rate less than 10-9 requires the signal 
power to be 12 times larger (+11 dB) than the rms noise as 


referred to the Receiver input. The minimum Receiver input 


power is then: 
PRMIN = PNo + 11dB= -29.3 dBm 


With the application of a 5 MHz low-pass filter, the band- 
width ratio becomes: 


B/Bo = 5 MHz/25 MHz = 0.2 


Note that 25 MHz should be used for the total noise band- 
width of the HFBR-2204. Inserting this value of the band- 
width ratio in the expressions for Pao and Prmin above 
yields the results: | 


PNo = 0.042 wW or -43.8 dBm and Prain = -32.8 dBm 


Given the HFBR-1202 Transmitter optical power Py = 
-18 dBm at IF = 40 mA, and allowing a 3 dB margin, a 


minimum optical power budget of 11.8 dB is obtained: 
[-18 dBm -3 dB -(-32.8 dBm)] = 11.8 dB 


Using 8 dB/km optical fiber, this translates into a minimum 
link length of 1475 metres (typical link power budget for this 
configuration is approximately 17.2 dB or 3130 mettes with 


_ 5.5.dB/km fiber). 


BANDWIDTH 


The bandwidth of the HFBR—2204 is typically 25 MHz. 
Over the entire temperature range of -40°C to +85°C, the 
rise and fall times vary in an approximately linear fashion 
with temperature. Under worst case conditions, tr and tf may 
reach a maximum of 26 ns, which translates to a 3 dB band- 
width of: 3 

| 350 _ 350 


—— = 13. H 
t, 36 ns 13.5 MHz 


f3qB = 
The receiver response is essentially that of a single-pole 
system, rolling off at 6 dB/octave. In order for the receiver to 
operate up to 40 MBd even though its worst case 3 dB 
bandwidth is 13.5 MHz, the received optical power must be 
increased by 3 dB to compensate for the restricted receiver 
transmission bandwidth. 


PRINTED CIRCUIT BOARD LAYOUT 


When operating at data rates above 10 MBd, standard PC 
board precautions should be taken. Lead lengths greater 
than 20 mm should be avoided whenever possible and a 
ground plane should be used. Although transmission line 
techniques are not required, wire wrap and plug boards are 
not recommended. 


OPERATION WITH HEWLETT-PACKARD 
TRANSMITTERS 


Hewlett-Packard offers two transmitters compatible with 
the HFBR-2204 Link performance with each transmitter is 
shown below for 25°C operation with HP’s 100/140 um 
glass fiber cable. See product data sheets for further 
information. 


HFBR-1202 


HFBR-1204 
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HFBR-2204 RECEIVER 


Absolute Maximum Ratings 


HFBR-2204 RECEIVER 


4 
V 
Storage Temperature zoe 255). ze om ae | case 
| -40 | 3__ comMON 


Lead 
Soldering 


Case Voltage 
Signal Pin Voltage -0.5 
Supply Voltage -0.5 | 7.0 


Electrical/Optical Characteristics 


-40°C to +85°C; 4.75< Vcc <5.25; Riroap=5119 unless otherwise specified 












Responsivitity 


| Conditions | _Reference —_| 
7 10.9 mV/uW Ta = 25° Note 10 
at 820 nm 


C 
Figure 3 
FT 12.3 -40 < TaS +85°C 
C, 










- on 
o = 











4 
rs 









RMS Output VNo 30 36 mV Ta = 25° 
Noise Voitage PIN = OwW Figures 4, 7 

43 mV | -40< Ta <85°C, 

Pin= 0 pW 
Peak Input Power Ta = 25°C Note 2 
Ww 
. rss [aw 
dBm -40< Tas 85°C 


a: 
aaa 
Output Impedance ee 
DC Output Voltage 
Power Supply Current 


loc 
Equivalent N.A. 
Equivalent Diameter 


Equivalent Optical Noise 


aaa 
re ee 


© 
BAN 
3 
> 
D 
= 
O 
> 
Oo 
I 
8 


5 
0 
Input Power 94 


Dynamic Characteristics 


-40°C to +85°C; 1 4.75<Vcc <5.25; RLtoapD=5110, CLoap=13 pF unless otherwise specified 


[Parameter | Symbol | win. | Tye [ Max. [ Units | Conditions [Reference 


Rise/Fall Time, 14 19.5 ns Ta = 25°C 
Pin = 10 pW Peak Note 5 


10% to 90% 


bee 


20 








E 






















Pulse Width Distortion 
Overshoot 


Bandwidth 










Note 6 
Figures 8, 9 














Power Supply 

Rejection PSRR Note 7 
Ratio (Referred to Figures 5, 6 
Output) 





Notes: 

1. 2.0mm from where leads enter case. 

2. If Pin < 40 ywW, then pulse width distortion may increase. At Pin = 80 nW and Ta = 80°C, some units have exhibited as 
much as 100 ns pulse width distortion. 
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’ FIBER OPTICS 





Notes (cont.): 


3. Dris the effective diameter of the detector image on the plane of the 8. It is essential that a bypass capacitor (0.01 uF to 0.1 uF ceramic) be 
fiber face. The numerical value is the product of the actual detector connected from pin 4 (Vcc) to pin 3 (circuit common) of the receiver. 
diameter and the lens magnification. Total lead length between both ends of the capacitor and the pins 

4. Typical specifications are for operation at Ta = 25°C and Vcc = 5.0V. should be less than 20 mm. 

5. Input optical signal is assumed to have 10% — 90% rise and fall times 9. HP’s 100/140 um fiber cable is specified at a narrower temperature 
of less than 6 ns. range, -20°C to 85°C. 

6. Percent overshoot is defined as: : 10. Vout = Vopc — (Rp x Pin). 


Vek — V100% 


x 100% See Figure 16. 
Vi100% 


7. Output referred P.S.R.R. is defined as 
VPOWER SUPPLY RIPPLE 
20 log ewer ) 
) VOUT RIPPLE 
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Figure 3. Receiver Spectral Response Figure 4. Receiver Noise Spectral Figure 5. Receiver Power Supply 
Normalized to 820 nm . Density Rej. vs. Freq. 
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Figure 6. Power Supply Rejection Test Circuit 
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500 MHz TRUE RMS 
pasate ACTIVE AMPLIFIES VOLTMETER 
PROBE 2 Hz-100 MHz 


HFBR-2204 Beer 


(CL IS THE SUM OF A LOAD CAPACITOR AND 
INPUT CAPACITANCE OF THE ACTIVE PROBE) 


Figure 7. RMS Output Noise Voltage Test Circuit 
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HP8082A HFBR-1202 


r----- 






























502 1 HP 1120A 
500 MHz HP 1725A 
ACTIVE OSCILLO- 





PROBE SCOPE 


1 METER 
TEST CABLE. 


(C_ IS THE SUM OF 
A LOAD CAPACITOR AND 





100 pF HFBR-2204 





OFFSET INPUT CAPACITANCE OF 
2152 THE ACTIVE PROBE.) 
i. <2 = ad = | 
PULSE 
GENERATOR 
Figure 8. Rise and Fall Time Test Circuit 
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Figure 9. Waveform Timing Definitions 
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HFBR-2204 RECEIVER RECEIVER PCB LAYOUT DIMENSIONS 


1.95 (.078) DIA. HOLES ACCEPT A 
2-56 SELF TAPPING SCREW 


rN 2.54 (.100) DIA. 
: .625 (.025) DIA. , 1.55 (.062) DIA. 
| Ane he eee MOUNTING HOLES FOR 
EMI/ESD SHIELD tw 









3.875 (.155)| GND 
1/4-36 UNS-2A 
THREAD 








13.21 (.520) 





5.00 (.200) |. : 9 CLEARANCE HOLES FOR 


| ust (S78) "MOUNTING BRACKET SCREWS _ 
THREAD FLAT | 


PCB EDGE 
DIMENSIONS IN MILLIMETRES (INCHES). 





3.94 (155) 


= 13.75 (.550) - 


Figure 10. Mounting Dimensions 


SMA STYLE CONNECTORS 


TYPEA TYPEB 
(Used in HP's SMA Connectored Cable Assemblies). (Not Available from Hewlett-Packard) 


1/4-36 UNS-2B 





3.14 (.1235) 
3.16 (.1245) 
Fn 
f WSS PLASTIC 
SLEEVE 
— 9.8 (.386) . . 9.8 (.386) 


7.62 (.30) 
8.38 (.33) 





Figure 11. Fiber Optic Connector Styles 
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Horizontal PCB Mounting 


Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 


When bending the leads, avoid sharp bends right where the 
lead enters the backfill. Use needle nose pliers to support 


HFBR-2203: 1/4-32 NUT 


HFBR-2204: 1/4-36 NUT 





1/4 x .005 INCH WASHER 


DIMENSIONS FOR BULKHEAD 
MOUNTING HOLE 


a. 


5.88 (.235) 


tX\ 


(STANDARD 1/4 INCH “D’’ HOLE-— RU PUNCH) 


6.25 (.250) 
DIA. 


2-56 SELF TAPPING SCREWS 
(METRIC EQUIV. M2.2 x 0.45) 


MOUNTING HARDWARE: HFBR-4202 (HFBR-2204) 


1 EMI/ESD SHIELD 

1 1/4-36 NUT 

1 1/4x .005 INCH WASHER 

2 2-56 SELF TAPPING SCREWS 
1 MOUNTING BRACKET 





Ordering Guide 


HFBR-1202 (SMA Connector Compatible) 
HFBR-1204 (SMA Connector Compatible) 


Transmitter: 


Receiver: HFBR-2204 (SMA Connector Compatible) 
Mounting 
Hardware: HFBR-4202 (SMA Connector Compatible) 


the leads at the base of the package and bend the leads as 
desired. 


When soldering, it is advisable to leave the protective cap 
on the unit to keep the optics clean. 






EMI/ESD SHIELD 


MOUNTING BRACKET 


SS 
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HEWLETT 
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G 


eatures 


GUARANTEED PERFORMANCE: 

60 MHz Bandwidth at 5 V Reverse Bias 
Low Capacitance: Less than 1.6 pF 
0.29 A/W Minimum Responsivity 

Low Dark Current: Less than 500 pA 
MATES DIRECTLY WITH SMA STYLE 
CONNECTORS 


RUGGED, ISOLATED MINIATURE METAL 
PACKAGE WITH FACTORY ALIGNED OPTICS 


oplications 
HIGH SPEED FIBER OPTIC LINKS 


WIDE BANDWIDTH ANALOG FIBER OPTIC — 
LINKS 


HIGH SENSITIVITY, LOW BANDWIDTH LINKS 
OPTICAL POWER SENSOR 


Description 


The HFBR-2208 Fiber Optic Receiver is a silicon PIN photo- 
diode mounted in a rugged metal package. Well suited for 
high speed applications, the HFBR-2208 Fiber Optic Re- 
ceiver has low capacitance and low noise. The high coupling 
efficiency of the miniature package provides a minimum of 
0.29 A/W responsivity. Receiver responsivity includes the 
optical power lost in coupling light from the fiber onto the 
PIN photodiode as well as the responsivity of the PIN 
photodiode itself. 


HFBR-2208 mates with SMA style connectors. 


The HFBR-2208 is a member of the family of transmitters 
and receivers which use the miniature package. HP also 
offers connectored and unconnectored 100/140 um fiber 
cable in simplex and duplex configurations. 


F 


A 


- Mechanical Dimensions 
HFBR-2208 SMA STYLE COMPATIBLE 


6.35 THREAD 
(.250) 


450 (.018) 
TYP. 


5.84 
(.230) 


1.9 (.075) 
15.9 
(.625) 


(. 
DIMENSIONS IN MILLIMETRES (INCHES) 


FIBER OPTIC RECEIVER 





PIN PHOTODIODE 


HFBR-2208 





DETECTOR IC 


LENS CLIP 
LENS 


WINDOW FIBER 






CONNECTOR 
FERRULE 


earnrrreceenon! © § SRI 2 


Eee ea 


) 1m, 





Cross Sectional View — 


FLAT 










CASE 


CATHODE 





=| 
ny 


AMBER 
BACK FILL 





45) 


MIN. 
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HFBR-2208 PIN PHOTODIODE 


Absolute Maximum Ratings 









Electrical/Optical Characteristics 


55°C to +85° C; Va = 5 V; PR = -20 dBm at 820 nm unless otherwise specified. Typical data at Ta = 25°C. 


Dark Current 
Noise Equivalent Power 


[Parameter | Symbor [ Win. [ Max 


Soldering 
Cycle 


Effective Optical Port 
DC Responsivity 


Total Capacitance 


Series Resistance 


Equivalent N.A. 
Equivalent Diameter 


Case Isolation Resistance 





Dynamic Characteristics 


Ta = 25°C, RLOAD = 50 0, PR = -20 dBm at 820 nm unless otherwise specified. 










[Parameter ‘| Symbol 


Rise/Fall Time (10-90%) 







3 dB Bandwidth 


Relative Incremental 
Response 


_ Min. 
ew | 60 
em 





Notes: 


1. 
2. 


3. 


2.0 mm from where leads enter case. 


Vc (100 V) is applied simultaneously to Pin 2 and Pin 3 with 
respect to Pin 1. 

Dr is the effective diameter of the detector image on the 
plane of the fiber face. The numerical value is the product of 
the actual detector diameter and the lens magnification. , 


Rise/Fall time is calculated from the equation: 
350 


tr, t} =—————————_"s 
3 dB BW (MHz) 


. For (A, f, Af) = (820 nm, 100 Hz, 6 Hz) where f is the fre- 


quency for a spot noise measurement and Af is the noise 
bandwidth, NEP is the optical flux required for unity signal/- 
noise ratio normalized for bandwidth. 
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HFBR-2208 PIN PHOTODIODE 


ANODE 
CASE 4 
CATHODE 3 
NC : 





HP’s 100/140 um 
Fiber 
N.A. = 0.3, g =2 


Fig. 1, 2, 3,8 


50 500 pA Ta = 25°C | Pr = OuW| Fig. 4, 9 
VR = 20 V 
3.4 x Ww 
-14 
10 faz 


Note 5 


Vc = 100 V Note 2, Fig. 9 







MHz VR=5V Fig. 6, 7 
VR=20V Fig. 10 





Fig. 8 
Note 6 


% Pr <-20 dBm 
VR=5V 





IN/\V/ Af 
Rp 


where In/¥V Af is the bandwidth — normalized noise current 
computed from the shot noise formula: 


In// Af = J2qlp = 17.9 x 10°15 /Ip (AA /Hz) where Ip is nA. 





NEP = 


. Relative incremental response is defined as: 


Rac (Pr) — Rac (-25 dBm) 
Aer 5100 ——— 100% 
Rp Rac (-25 dBm) 
where: 


Rac = Small signal AC (20 MHz, -30 dBm) response 
Pr = DC optical power incident on port. 





Rp (A)/Rp (820 nm) —- NORMALIZED RESPONSIVITY 


Ip — DARK CURRENT — nA 


0.001 


5 V; Pr 





nee 2a eae 
ZG oe Ns 
SEIN ae 


Rp (Ta)/Rp (25°C) — NORMALIZED RESPONSIVITY 
Oo 


0 
500 


600 


700 800 900 1000 # 1100 -60 


X} — WAVELENGTH — nm 


Figure 1. Normalized Responsivity 
vs. Wavelength 


Cy — CAPACITANCE — pF 





Ta — AMBIENT TEMPERATURE — °C 


Figure 4. Dark Current vs. Ambient 
Temperature 


BW (Ta)/BW (25°C) — NORMALIZED 3 dB BANDWIDTH 


Ta — AMBIENT TEMPERATURE — °C 


Figure 7. Normalized Bandwidth vs. 
Ambient Temperature 


-40 -20 0 


Ta — AMBIENT TEMPERATURE —°C 


Vea — REVERSE VOLTAGE — V 


Voltage 
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Figure 2. Normalized Responsivity 
vs. Ambient Temperature 





Figure 5. Capacitance vs. Reverse 


ARp/Rp — RELATIVE INCREMENTAL RESPONSE — % 


= -20 dBm at 820 nm; Ta = 25°C unless otherwise specified. 





60 80 


VR — REVERSE VOLTAGE — V 


Figure 3. Responsivity vs. Reverse 
Voltage 


BW — 3 dB BANDWIDTH — MHz 





Vr — REVERSE VOLTAGE — V 


Figure 6. 3 dB Bandwidth vs. Reverse 
Voltage 


-5 


PR — OPTICAL POWER — dBm 


Figure 8. Linearity Characteristic vs. 


Optical Power 





HP 4145 
SEMICONDUCTOR 
PARAMETER 
ANALYZER 


TRANSMITTER 
HFBR-1204 





3 dB 
OPTICAL 
COUPLER 


PHOTODYNE HP 100/140 um 
150 FIBER OPTIC CABLE 


DETECTOR 


DUT 
HFBR-2208 


Figure 9. Test Set-up 





HP 8501A 
STORAGE 
NORMALIZER 


HP 9836 


COMPUTER HP 8505A 


NETWORK 
ANALYZER 


RFRAB 


HI 


RFR A B_~ HP 8503A 
S-PARAMETER 





PORT 2 
BIAS IN 


HP 6205B_ f- 


TEST SET 
PORT 2 


DC SUPPLY 





HP 
8447E 


HFBR-2208 


HP 11600B 
transistor} [S74 d 
FIXTURE 


50 2 


HP 100/740 jar 
FIBER OPTIC CABLE 
a (1 METHE LENGTH) 


820 nm LASER DIODE 


BIAS <> ee 
NETWORK iy Wie 


HP 6216B . 


DC SUPPLY 





Figure 10. Bandwidth Measurement Set-up 





Mechanical Description 


The HFBR-2208 fiber optic receivers are housed in rugged 
metal packages intended for use with the SMA style con- 
nectored fiber cables. The low profile package is designed 
for direct mounting on printed circuit boards or through 
panels without additional heat sinking. A flat on the 
mounting threads of the device is provided to prevent 
rotation in all mounting configurations and to provide an 
orientation reference for the pin-out. Hardware is available 
for horizontal mounting applications on printed circuit 
boards. The hardware consists of a stainless steel mounting 
bracket fastened directly to the printed circuit board with 
two stainless steel self-tapping screws and a nut and 
washer .for fastening the device in the bracket. A metal 


shield which snaps directly on the mounting bracket is 
also available for unusually severe EMI/ESD environments. 
When mounted in the horizontal configuration, the overall 
height of the component conforms with guidelines allowing 
printed circuit board spacing on 12.7mm (0.500) centers. 
A thorough environmental characterization has been per- 
formed on these products. The test data as well as informa- 
tion regarding operation beyond the specified limits is 
available from any Hewlett-Packard sales office. 


Good system performance requires clean port optics and 
cable ferrules to avoid obstructing the optical path. Clean 
compressed air often is sufficient to remove particles of 
dirt; methanol or Freon™ on a cotton swab also works well. 
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EMI/ESD SHIELD 






1/4-32 NUT 


1/4 x .005 INCH WASHER 


DIMENSIONS FOR BULKHEAD 
MOUNTING HOLE 


+ 
5.88 
(.23) 


6.25 (.250) 
DIA. 


(STANDARD 1/4 INCH “D’’ HOLE — RU PUNCH) 






MOUNTING BRACKET 


MOUNTING HARDWARE: HFBR-4202 (HFBR-2208) 
1 EMI/ESD SHIELD 


1 1/4-36 NUT 
256 SELF TAPPING ScRENS a ce i 
(METRIC EQUIV. M2.2 x 0.45) - 
7 


Horizontal PCB Mounting 


Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 


When bending the leads, avoid sharp bends right where 
the lead enters the backfill. Use needle nose pliers to sup- 
port the leads at the base of the package and bend the 
leads as desired. 


When soldering, it is advisable to leave the protective cap 
on the unit to keep the optics clean. 


Application Information 


NOISE FREE PROPERTIES 


The noise current of the HFBR-2208 is negligible. This is 


a direct result of the exceptionally low leakage current, in 
accordance with the shot noise formula InN = (2qlpAf)1/2. 
Since the leakage current does not exceed 500 picoamps 
at a reverse bias of 20 volts, shot noise current is less than 
9.8 x 10-18 amp Hz-1/2 at this voltage. 


Excess noise is also very low, appearing only at frequen- 
cies below 10 Hz, and varying approximately as 1/f. When 
the output of the diode is observed in a load, thermal noise 
of the load resistance (RL) is 1.28 x 10-10 (RL)-1/2 x (Af) 1/2 at 
25°C, and far exceeds the diode shot noise for load resist- 
ance less than 100 megohms. Thus in high frequency 
operation where low values of load resistance are required 
for high cut-off frequency, the HFBR- 2208 contributes vir- 
tually no noise to the system. 


HIGH SPEED PROPERTIES 


High speed operation is possible since the HFBR-2208 has 
low Capacitance and wide bandwidth at a low reverse bias. 


1 MOUNTING BRACKET 





Figure 11. Photodiode Equivalent Circuit 


Is = Signal current ~ 0.38 uwA/uW x PR 
IN = Shot noise current 
<9.8 x 10-15 amps/Hz!1/2 


~ Ip = Dark current 


< 500 x 10-12 amps at 20 V dc bias 
Rp =1019 

Rs = <50 0 

LINEAR OPERATION 


Operation of the photodiode is most linear when operated 
with a current amplifier as shown in Figure 12. 


i 


Ry 







Ry =Ro 

: Vout = Rr(Ip + Ip) 

BIAS Ec™=" HFBR-2207/8 } 

© AN 
OUT 


R2 
(IF USED) + 


Figure.12. Linear Operation 


Lowest noise is obtained with Ec = 0. but higher speed 
and wider dynamic range are obtained if 5 < Ec < 20 volts. 
The amplifier should have as high an input resistance as 
possible to permit high loop gain. If the photodiode is re- 
versed, bias should also be reversed. 
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HFBR-2208 RECEIVER SMA STYLE CONNECTORS TYPE A 


Se eee (Used on HP’s 100/140 um fiber optic cable) 


1/4-36 UNS-2B 













8.75 (.355) | 
3.14 (.1235) 
1/4-36 cae 3.16 (.1245) 
THBESe 13.21 (.520) aa 
\) N 
THREAD FLAT 
9.8 (.386) 

7.8 (.312) _ 7.62 (.30) 
8.38 (.33) 





ler 


3.75 (.560) — | 





SMA STYLE CONNECTORS TyPEB 


RECEIVER PCB LAYOUT DIMENSIONS ioe Ble rok available trenv EP) 


Top View 1/4 -36 UNS-2B 


PINT 2.54 (.100) DIA. | 


.625 (.025) DIA. 1 1.55 (.062) DIA. 
\ pore MOUNTING HOLES FOR 


EMI/ESD SHIELD 







3.875 (.155) 


PLASTIC 
SLEEVE 





5.00 (.200) CLEARANCE HOLES FOR 


9.37 (.375) MOUNTING BRACKET SCREWS 9.8 (.386)  -—> 
a PCB EDGE 182.90) 


8.48 (33) 


DIMENSIONS IN MILLIMETRES (INCHES). 





Ordering Guide Fiber Optic Cable 


Receivers: HFBR-2208 (SMA Connector Compatible) Hewlett-Packard offers connectored or unconnectored 
100/140 um fiber cables in simplex or duplex configura- 


tions. See data sheets for details. 
Transmitters: HFBR-1202 ener 


(see data sheets) 
HFBR-1204 


Mounting HFBR-4202 (SMA Connector Compatible) 
Hardware: 
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1300 nm General Purpose 
Transmitter and Receiver 


Technical Data 


Features 


¢ Data Rates from 10 MBd to 


200 MBd 

e Link Lengths of 2 km at 
200 MBd 

¢ Single +5 V Power Supply 

e Shifted ECL Logic 
Interface 

e High Immunity to EMI/ 
RFI and ESD 

e High Reliability 

e ST®* Style Fiber Optic 
Connector 

¢ Multiple Sources of 
Supply 

¢ Directly Compatible with 
TAXIchip™** Encode/ 
Decode Circuits 


Applications 

¢ General Purpose Serial 
Data Links with Encoded 
Data Rates of 10 MBd to 
200 MBd 

¢ Multimode Telecommuni- 
cation Links at T3, and 
T3C Rates 

¢ SONET Multimode Links 
at STS-1 and STS-3c Rates 

e High Speed Computer to 
Disc or Tape Memory 
Interconnects 


e Proprietary Local Area 

- Networks 

e High Speed Multiplexer 
Interconnects 

e Digital Graphics and 
Digital Video Transmission 
Links 


Description 

The general purpose 
transmitter and receiver 
products described in this data 
sheet are members of a growing 
family of 1300 nm technology 
fiber optic products available 
from Hewlett-Packard. These 
products supply the 
performance necessary for the 
system designer who seeks to 
develop data links using 
multimode fiber that will have 
distance capability beyond that 
obtainable with first window 
(820 nm wavelength) products. 
Link lengths of 2000 meters are 
possible at 200 MBd data rates 
with margin to spare for in-line 
connection losses. Longer 
distances are possible 
depending on data rate and the 
number of in-line connections. 
The performance of both the 
transmitter and receiver 


*ST® is a registered trademark of AT&T for Lightguide Cable Connectors. 
**TAXTchip™ is a trademark of Advanced Micro Devices, Inc. 
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PACKARD 


Up 





Transmitter HFBR-1100 
Transmitter HFBR-1160 
Receiver HFBR-2100 





products are guaranteed over 
the operating temperature and 
power supply voltage ranges 
found in most commercial 
equipment with sufficient 
margin to allow for substantial 
equipment mission-life and 
configuration flexibility. 


Hewlett-Packard is a vertically 
integrated supplier. The 1300 
nm LED and PIN devices along 
with the three custom bipolar 
integrated circuits(ICs) used in 
these products have been 
developed and manufactured by 
Hewlett-Packard. The assembly 
and testing of the transmitter 
and receiver products is 
performed in facilities wholly 
owned and operated by Hewlett- 
Packard. 


DATE CODE 
SERIAL NUMBER 
PART NUMBER 





1.142 
29.007 


0.111 +0.015 





0.132 + 0.015 
5.197 + 0.591 







090 0 00 0 0 0 6 


2 
0.200 oa 
i Ainontiont 
= 


oo 0 0 0000 0 0 








NOTES: 








| 10.160 


0.638 
16.201 


_ 




















ALL DIMENSIONS ARE IN INCHES/mm. ; 
TOLERANCES ARE + 0.01/+ 0.394 UNLESS OTHERWISE SPECIFIED. 


LEADS ARE GOLD PLATED. 
CASE IS NICKEL PLATED ZINC. 


Figure 1. Outline Drawing. 


Transmitters - HFBR-1100 
and HFBR-1160 

The transmitters use a 1300 nm 
InGaAsP LED and a single, 
custom silicon bipolar LED 
driver integrated circuit. The 
LED is an advanced planar 
device with an integral etched 
lens that provides efficient 
coupling to multimode fibers 
when combined with the 
Hewlett-Packard custom optical 
subassembly. The driver 
circuit provides temperature 
compensation for a predictable 
output optical power over the 
recommended operating 
temperature range. It also 
maintains a steady power 
supply current due to internal 
loads which conduct the LED 
drive current when logic "Os" 
are being transmitted to 


minimize creation of high 
frequency noise on power supply 
lines. The data input to the 
transmitter is differential, 100K 
ECL compatible, referenced 
(shifted) to operate from a +5 
volt supply. The HFBR-1100 is 
specified to operate from dc to 
200 MBd and the HFBR-1160 is 
specified from dc to 160 MBd. 


Receiver - HFBR-2100 

The receiver uses a 1300 nm 
InGaAs PIN photodiode and two 
custom silicon bipolar 
integrated circuits. The PIN isa 
planar top-illuminated device 
which provides ease of assembly 
into the Hewlett-Packard 
custom optical subassembly. 
The preamplifier IC is mounted 
in the optical subassembly with 
the PIN detector to maximize 
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the receiver sensitivity. This 
sensitivity is guaranteed over a 
wide time-window in the data 
output eye-pattern. This 
assures performance with 
various clock recovery circuitry. 
The second IC, a quantizer, 
provides the final pulse shaping 
for the logic output and the 
Signal Detect functions. Both 
the data and Signal Detect logic 
outputs are differential, 100K 
ECL compatible, referenced 
(shifted) to a +5 volt power 
supply. The HFBR-2100 is 
specified for operation from 10 
to 200 MBd and is compatible 
with both the HFBR-1100 and 
HFBR-1160 transmitters. 





.¢) 
9 
8 
7 
6 
5 
4 
3 
2 
1 


TRANSMITTER 
PIN ASSIGNMENTS 
(TOP VIEW) 





GND 


Veca 

GND 
DATA 
DATA 


2=ANwAaAunanyvawnd 


RECEIVER 
PIN ASSIGNMENTS 
(TOP VIEW) 


NOTE: THE CASE IS INTERNALLY CONNECTED TO 


SIGNAL GROUND PINS. 


Figure 2. Pin Assignments. 


Package 

The overall package concept for 
the Hewlett-Packard general 
purpose transmitter and 
receiver products consists of 
three basic elements: the optical 
subassembly, the electrical 
subassembly, and the overall - 
housing and connector port. The 
objective of the design is to 
provide consistent optoelec- 
tronic performance in commer- 
cial equipment environments 
over extended equipment > 
mission-lifetimes. 


The optical subassembly 
contains either the 1300 nm 
LED or the 1300 nm PIN and 
preamplifier devices in a 
hermetic enclosure which is 
actively aligned to a GRIN rod 
optical element in the precision 
stainless steel ferrule-bore. This 
active alignment provides 
optimal optical performance for 
both the transmitters and the 
receiver. The precision stainless 
steel bore assures that the ST® 
connector ferrule tip containing 
the fiber will be precisely 
positioned relative to the focal 
point of the optics. 


‘The electrical subassembly is a 


multilayer, ceramic substrate 
containing the driver or 
quantizer integrated circuits 
along with various surface- 
mounted passive components. 
This multilayer substrate 
provides optimum electrical 
performance with good noise 
immunity and noise emission 
suppression. 


ELECTRICAL ' 
SUBASSEMBLY 


DIFFERENTIAL 
DATA INPUT 


TRANSMITTER BLOCK DIAGRAM 


~ ELECTRICAL 
SUBASSEMBLY 





DIFFERENTIAL 
DATA OUTPUT 





DIFFERENTIAL 
SIGNAL DETECT 
OUTPUT 









SUBASSEMBLY 


The housing and connector port 
are die-cast zinc with nickel 
plating. Zinc is used for its 
excellent thermal conductivity 
which maintains the junction 
temperatures of the active 
semiconductors at the lowest 
levels possible for high 
reliability and long mission-life. 
The optical subassembly with 
its precision stainless steel 
connector ferrule bore fits into 
the ST® style bayonet connector 
port. The electrical and-optical 
subassembly signal grounds are 
connected to the zinc housing _ 
for maximum shielding. The 
electrical and optical 
subassemblies are mounted into 
the zinc housing and epoxy 
sealed for environmental 
protection. The optical port is 
protected with an easily remov- 
able, high temperature, vinyl 
cap for protection from 
contamination during assembly 
onto circuit boards and ship- 
ment to the end-user site. 


OPTICAL 
SUBASSEMBLY 


1300 nm . 

















OPTICAL 






PIN DIODE 





PREAMP 
Ic 


RECEIVER BLOCK DIAGRAM 


Figure 3. Block Diagrams. 
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Application Assistance 
The Applications Engineering 
group in the Hewlett Packard 
Optical Communication 
Division is available to assist 
with the analysis of the 
performance of these products 
within a given circuit design. 
The effects of various data- 
encoding schemes and cable 
plants can be analyzed to 
predict the system performance 
for a particular data link. 


Assistance is also available to 
obtain the best performance 
from these parts with appropri- 
ate board layout techniques for 
these high signaling rates. 
Figure 8 provides a good 
example of a decoupling scheme 
that works well with these 
products. Contact your local 
Hewlett-Packard sales 
representative to obtain this 
assistance. 


General Purpose Transmitter and Receiver 


Absolute Maximum Ratings 


Product Reliability 
Data 


Various environmental and life 
tests have been performed on 
these products and these tests 
are ongoing. Contact your local 
Hewlett-Packard sales 
representative to obtain copies 
of the summaries of these test 
results as they become 
available. 


*ST® is a registered trademark of AT&T 
for Lightguide Cable Connectors 


Storage Temperature 





Lead Soldering Time tains 
Supply Voltage ee : 
Data Input Voltage Ae 


Differential Input Voltage 
Output Current 


Recommended Operating Conditions 


Data Input Current — Low 


Data Input Current — High 
Data and Signal Detect Output Load 


Signaling Rate 
HFBR-1100/2100 


HFBR-1160/2100 
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General Purpose Transmitter 


General Purpose Electrical Characteristics 
(T, = 0°C to 70°C, V,,, = 4.75 V to 5.25 V) | , | 





General Purpose Transmitter Optical Characteristics 
(T, = 0°C to 70°C, V., = 4.75 V to 5.25 V) | : 


dBm avg Note 9 

dBm avg Note 10 

dBm avg Note 11 

dBm avg Note 10 
0.01 Note 12 _ 
-40 -20 


14 
14 
3 
Center Wavelength 1260 | 1300 | 1380 | nm | Note13 
et 
9 ee 
cl we) 
3.1 










: 
7 


Parameter 3 . 












Output Optical Power 
HFBR-1100 








62.5/125 um, NA = 0.275 Fiber P; -19 

50/125 um, NA = 0.20 Fiber — P. 
HFBR-1160 ts 

62.5/125 um, NA = 0.275 Fiber Py -19 

50/125 um, NA = 0.20 Fiber P 












Output Optical Power 


Temperature Coefficient -0.015 | -0.02 





bom bo 
On on 








Optical Rise Time 
HFBR-1100 : t. Note 15 
HFBR-1160 | Note 15 


1 
2 
2 


1 
2 


30 
1.2 
1.2 

3 
2.3 


Optical Fall Time | 
HFBR-1100 Note 15 
HFBR-1160 


% 
dB 
ns 
ns_ 
0.10 ns pk-to-pk Note 16 

0.05 ns pk-to-pk Note 17 


Duty Cycle Distortion | 
Data Dependent Jitter 


a 
my 
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General Purpose Receiver 


General Purpose Receiver Optical Characteristics 
(T, = 0°C to 70°C, V,,, = 4.75 V to 5.25 V) 


Parameter Symbol 


Input Optical Power 4 
Minimum at Window | eee Note 18 
Edge | Figures 5, 6 


Minimum at Center 


Operating Wavelength a ee 1260 
Signal Detect Lod 
P,, +1.5 dB 


Deasserted 


Hysteresis 





P 

r 
Asserted ; 

45 Note 21 

Figure 7 


General Purpose Receiver 


General Purpose Receiver Electrical Characteristics 
(T, = 0°C to 70°C, V,,, = 4.75 V to 5.25 V) 


Parameter 
Supply Current Note 22 
m Note 22 
pA Note 23 

ns 


A 
A 
V Note 25 
V 
Ss 
V 
V 
S 
Ss 





Supply Current 


Note 25 

Note 26 

Note 26 
w/o 
Data Dependent Jitter : 
Signal Detect | oe 
Output Voltage — High 
Output Rise Time | SEs G 
Output Fall Time [ns | Note29 


Assert Time (off to on) mv Note 20 
7 | Figure 7 


Deassert Time (on to off) 


Output Voltage — Low - ; ae a Note 25 





Notes: 
1. This maximum rating applies to 


still air environments around the 

transmitter and the receiver. 

.. When: component testing these 

‘products all supply voltages should 

be applied simultaneously to avoid 

damage to the part. 

. This is the maximum voltage that 

can be applied across the Differen- 

tial Transmitter Data Inputs to 

_ prevent damage to the input ESD 
-protection circuit. 

. When component testing these 

products do not short the receiver 

data or signal detect outputs 

directly to ground to avoid damage 

to the part. 

. The outputs are terminated with 50 

ohms connected to Ne -2V. 

. The specified signaling rate © 

guarantees operation of the 


transmitter and receiver link to the 


full conditions described inthe 
Electrical and Optical Characteris- 
tics sections. Specifically, the link 
bit error ratio will be equal to or 
better than 10°? for pseudo- | 
random-bit-sequences (PRBS) of 2’ - 
1 data patterns with a 50% duty 
factor. The HFBR-1100 transmitter 
is capable of dc to 200 MBd 
operation. The HFBR-1160 is 
capable of operation from dc to 160 
MBd. The HFBR-2100 receiver is 
internally ac-coupled which limits 
the lower signaling rate to 10 MBd. 
For purposes of definition, the 
symbol rate f, (Baud), also called 
signaling rate, is the reciprocal of 
the shortest symbol time. Data rate 
(bits/sec) is the symbol rate divided 
_ by the encoding factor used to — 
encode the data (symbols/it). 
. The power supply current needed to 
operate the transmitter is provided 
to differential ECL circuitry. This 
circuitry maintains a nearly 
constant current flow from the 
power supply. Constant current 
operation helps to prevent 
unwanted electrical noise from . 
being generated, whether the noise 
is conducted or emitted, to 
neighboring receiver or logic 
circuitry. 
. This value is measured with an 
output load R, = 10 kohms. 
. These optical | power values are 
measured with the following 
conditions; 
© At the Beginning Of Life (BOL). 
© Over the specified operating 
voltage and temperature ranges. 
e With a data input of 200 MBd 
(100 MHz) square wave. 
¢ At the end of one meter of noted 
optical fiber with cladding modes 
removed. | | 


10. 


11. 


12. 


13. 
14, 


(15. 


«16. 
~~ at a 50% threshold using a 200 


17. 


18. 


e The average power value can be 
converted to a peak power value 
by adding 3 dB. 

¢ Higher output optical power | 
transmitters are available on 
special request. . 

This transmitter is available on 
special request with coupled optical 
power guaranteed into 50/125 pm 
fiber cables. The value will depend 
on the specific NA of the 50/125 pm 
fiber used. 

These optical power values are 
measured with the following 
conditions; 

e At the Beginning: of Life (BOL). 

e Over the specified operating 
voltage and temperature ranges. 

e With a data input of 160 MBd 
(80 MHz) square wave. 

e At the end of one meter of 
noted optical fiber with 
cladding modes removed. 

The average power value can be 

converted to a peak power value by 

adding 3 dB. Higher output optical 
power transmitters are available on 


. special request. 


This value of Optical Extinction 
Ratio is the ratio of the steady state 
optical power in the logic-low state 
to the steady state optical power in 
the logic-high state.. 

The temperature coefficient of ihe. 
center wavelength is typically 
+0.37 nm/°C. 

The temperature coefficient of the 
spectral width is typically 

+0.25 nm/°C. 

The optical rise and fall times: are 
measured from 10% to 90% when 
the transmitter is driven by 12.5 
MHz square wave data input. 
Duty Cycle Distortion is measured 


MBd (100 MHz) square wave input 
signal. The input optical power 
level is -20 dBm average. 
Data Dependent Jitter is specified 
with a 27 - 1 PRBS input signal at 
200 MBad. The input optical power 
level is -20 dBm average. 
The Input Optical Power range from 
-31 dBm average to -14 dBm > 
average is the range over which the 
receiver is guaranteed to provide a 
Data Output with a Bit Error Rate 
(BER) better than or equal to . 
1x 10°. The measurement. 
conditions are stated below. 
e At the Beginning Of Life (BOL). 
© Over the specified operating 
temperature and voltage ranges. 
¢ Input symbol pattern is 2’ - 1 
PRBS at 200 MBad. | 
Sampled over the range from the 
center of the symbol +1.0 ns. 
° Input optical signal rise/fall times 
are approximately 1 ns/2 ns." 
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19. 


20. 
21. 
22. 


23. Measured at P. 


24. 


25. 


All conditions of Note 18 apply 
except that the measurement is 
made at the center of the symbol 
with no window time-width. 

This value is measured during the 
transition from low to high levels of 
input optical power. 

This value is measured during the 
transition from high to low levels of 
input optical power. 

These values are measured with the 
outputs terminated into 50 ohms 
connected to V,,, - 2 V. 

= -14 dBm average. 
The power dissipation value is the 
power dissipated in the receiver 
itself. Power dissipation is 
calculated as the sum of the 
products of supply voltage and 
supply currents, minus the sum of 
the products of the output voltages 
and currents. 

These values are measured with 
respect to V.,, with the output | 
terminated into 50 ohms connected 
toV,,-2V. The minimum values 
are corrected for +5.25 V operation 
for 100K ECL values that are 
usually specified at -4.8 V 
operation. 


26. The output rise and fall times are _ 


27. 


28. 
— with a 2’ - 


29. 


measured between 20% and 80% 
levels with the output connected to 
Voc — 2 V through 50 ohms. 

Duty Cycle Distortion is measured. 
at a 50% threshold using a 200 
MBd (100 MHz) square wave input 
signal. The input optical power | 
level] is -20 dBm average. 

Data Dependent Jitter is specified 
1 PRBS input signal at 
200 MBd. The input optical power 
level is -20 dBm average. 

The output rise and fall times are 
measured between 20% and 80% 
levels with the output connected to 
Voc — 2 V through 50 ohms. 
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SIGNALING RATE — MBd 

CONDITIONS: 


1. Piw NORMALIZED (AP iy = O dB) TO Pin min (C) AT 
200 MBd AT CENTER OF SYMBOL. 

2. APin = Pin @ MBd - Pin @ 200 MBd 

3. TEST DATA PATTERN IS PRBS 27 - 1. 

4. BER = 10°12 

5. Ta = 25°C. 

6. Vec = 5 Vde 

7. INPUT OPTICAL RISE/FALL TIMES = 1.2 ns/2.3 ns 


Figure 4. Relative Input Optical 
Power vs. Signaling Rate. 


RELATIVE INPUT OPTICAL POWER (4P,,, ) ~ dB 





SAMPLING TIME POSITION (t, )— ns 


CONDITIONS: 


1. Pi 1S NORMALIZED (APin min (C) AT CENTER OF 
SYMBOL. 

2. APin = Pin @ t, - Pin @ teenter 

3. TEST DATA PATTERN IS PRBS 2° - 1 @ 200 MBd 

4. BER = 10°12 

5.T, = 25°C 

6. Vec =5 Vdc 

7. INPUT OPTICAL RISE/FALL TIMES = 1.2 ns/2.3 ns 


Figure 6. Relative Input Optical 
Power vs. Sampling Time Position. 
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RELATIVE INPUT OPTICAL POWER (AP;,,) - dB 


CONDITIONS: 


1. Pin IS NORMALIZED (AP in =0 dB) TO Pin Min (w) 
WITH BER = 10°72 AND WINDOW TIME-WIDTH 
OF +1.0 ns EITHER SIDE OF SYMBOL CENTER. 

: AP iw = Pw @ BER - Pin @ 10°12 BER 

. 200 MBd TEST DATA PATTERN IS PRBS 27. 1 

. Ta = 25°C 

‘ Vec = 5.0 Vde 

. INPUT OPTICAL RISE/FALL TIMES = 1.2 ns/2.3 ns 


Oarhwh 


Figure 5. Typical Bit Error Rate vs. 
Relative Input Optical Power. 
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Figure 7. Signal Detect Thresholds and Timing. 
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DATA 
DATA DATA 
1 
He 3 TOP VIEW TOP VIEW 130 130 
R10 
82 SIGNAL 
DETECT 
NOTES: ps SIGNAL 
1. PLACE TERMINATION RESISTORS NEAR RECEIVING INPUT DATA POINTS. DETECT 
2 MAKE DIFFERENTIAL SIGNAL PATHS SHORT AND OF THE SAME LENGTH WITH EQUAL if 1 R12 
130 30 


TERMINATIONS TO Vcc - 2 VOLTS. 

3. SIGNAL TRACES SHOULD BE 50 0 TRANSMISSION LINES (MICROSTRIP OR STRIPLINE). 
USE GROUND PLANE (OR MULTI-LAYER) PRINTED CIRCUIT BOARD FOR BEST HIGH FREQUENCY as 
PERFORMANCE. 

4, RESISTORS IN OHMS. CAPACITORS IN MICROFARADS. INDUCTORS IN MICROHENRIES. 

5. USE HIGH-FREQUENCY MONOLITHIC CERAMIC BYPASS CAPACITORS AND LOW SERIES dc 
RESISTANCE INDUCTORS. FERRITE INDUCTORS CAN BE USED. LOCATE POWER SUPPLY FILTER, 

COMPONENTS CLOSE TO FIBER OPTIC DEVICES. 

6. CAUTION: DO NOT DIRECTLY CONNECT FIBER OPTIC MODULE ECL OUTPUTS (DATA, DATA, SIGNAL 
DETECT, SIGNAL DETECT) TO GROUND WITHOUT PROPER CURRENT LIMITING IMPEDANCE. 

7. ALL POWER SUPPLY VOLTAGES FOR THE FIBER OPTIC RECEIVER OR TRANSMITTER SHOULD BE 
APPLIED SIMULTANEOUSLY TO PREVENT POSSIBLE DAMAGE TO THE DEVICE. 

8. DEVICE GROUND PINS SHOULD BE DIRECTLY AND INDIVIDUALLY CONNECTED TO GROUND. 


Figure 8. Recommended Decoupling Circuit Diagram. 
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1300 nm FDDI 


Transmitter and Receiver 


Technical Data 


Features 

¢ Full Compliance with 
FDDI PMD Standard Per- 
formance Requirements 

e Single +5 V Power Supply 

e Shifted ECL Logic 
Interface Directly 
Compatible with FDDI 
PHY Integrated Circuits 


¢ Directly Compatible with 
TAXIchip™ * Encode/ 
Decode Circuits 

¢ High Reliability 

e ST*** Style Fiber Optic 
Connector 


e High Immunity to EMI/RFI 
and ESD 


Applications 
e FDDI Single or Dual 
Attachment Stations 


¢ FDDI Bridges, Routers and 
Concentrators 


e FDDI Backbone Servers 
¢ FDDI Workstations 


¢ FDDI Stations With 
Internal Optical Bypass 
Switches to Minimize 
Board Space 


e FDDI Stations With 
Packaging That Does Not 
Allow The Use of The FDDI 
Media Interface Connector 
(MIC) 

e Non-FDDI Proprietary 
Data Links 


Description 


The FDDIt transmitter and 
receiver described in this data 
sheet are members of a growing 
family of 1300 nm technology 
fiber optic products available 
from Hewlett-Packard. These 
FDDI transmitter and receiver 
products supply the perform- 
ance necessary for the system 
designer who seeks to develop 
equipment with fully compliant 
FDDI interfaces per the FDDI 
Physical Layer Medium 
Dependent (PMD) standard. 
The performance of both the 
transmitter and receiver are 
guaranteed over the operating 
temperature and power supply 
voltage ranges found in most 
commercial equipment with 
sufficient margin over the FDDI 


*TAXIchi p™ is a trademark of Advanced Micro Devices, Inc. 
**ST® is a registered trademark of AT&T for Lightguide Cable Conncctors. 


tFDDI represents Fiber Distributed Data Interface. The FDDI Physical Layer Medium Dependent (PMD) document has been 
approved as International Standard for Organization (ISO) Developmental International Standard (DIS) 9314-3. 
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HEWLETT 
PACKARD 


G@ 





Transmitter HFBR-1125 
Receiver HFBR-2125 








PMD requirements to allow for 
substantial equipment mission- 
life and configuration 
flexibility. 


Hewlett-Packard is a vertically 
integrated supplier. The 

1300 nm LED and PIN devices 
along with the three custom 
bipolar integrated circuits (ICs) 
used in these products have 
been developed and manufac- . 
tured by Hewlett-Packard. The 
assembly and testing of the 
transmitter and receiver 
products is performed in 
facilities wholly owned and 
operated by Hewlett-Packard. 





DATE CODE 
SERIAL NUMBER 
PART NUMBER 








o 0 © 0 0Qf00 0 0 0 





Figure 1. Outline Drawing. 


Transmitter - HFBR-1125 
The HFBR-1125 transmitter 
uses a 1300 nm InGaAsP LED 
and a single, custom silicon — 
bipolar LED driver integrated 
circuit. The LED is an advanced 
planar device with an integral 
etched lens that provides 
efficient coupling to multimode 
fibers when combined with the 
Hewlett-Packard custom optical 
subassembly. The driver circuit 
provides temperature 
compensation for a predictable | 
output optical power over the 
recommended operating 
temperature range. It also 
maintains a steady power 
supply current due to internal 
loads which conduct the LED 


0.132 + 0.015 
5.197 + 0.591 


NOTES: 







ALL DIMENSIONS ARE IN INCHES/mm. 
TOLERANCES ARE + 0.01/+ 0.394 UNLESS OTHERWISE SPECIFIED. 
LEADS ARE GOLD PLATED. 


CASE !S NICKEL PLATED ZINC. 


drive current when logic "0s" 
are being transmitted to mini- 
mize creation of high frequency 
noise on power supply lines. The 
data input to the transmitter is 
differential, 100K ECL 
compatible, referenced (shifted) 
to operate from a +5 volt supply. 


Receiver - HF BR-2125 

The HFBR-2125 receiver uses a 
1300 nm InGaAs PIN 
photodiode and two custom 
silicon bipolar integrated 
circuits. The PIN is a planar 
top-illuminated device which 
provides ease of assembly into 
the Hewlett-Packard custom 
optical subassembly. The 
preamplifier IC is mounted in 
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the optical subassembly with 
the PIN detector to maximize 
the receiver sensitivity. This 
sensitivity is guaranteed over a 
wide time-window in the data 
output eye-pattern. This 
assures performance with the 
clock recovery circuit when any 
possible FDDI input optical 
signal condition exists. The 
second IC, a quantizer, provides 
the final pulse shaping for the 
logic output and the Signal 
Detect function. Both the data 
and Signal Detect logic vutputs 
are differential, 100K ECL 
compatible, referenced (shifted) 
to a +5 volt power supply. 





GND Of GND 
GND 9] GND 
GND 8 | OMIT 
GND 7] GND 
Vec 6 | GND 
Vec 5 | GND 
GND 41 GND 
GND 3 | GND 
DATA 21 GND 
DATA 11 Ves 


TRANSMITTER 
PIN ASSIGNMENTS 
(TOP VIEW) 





Oo 
9 
8 
7 
6 
5 
4 
3 
2 
1 


RECEIVER 
PIN ASSIGNMENTS 
(TOP VIEW) 


NOTE: THE CASE IS INTERNALLY CONNECTED TO 


SIGNAL GROUND PINS. 


Figure 2. Pin Assignments. 


Package 

The overall package concept for 
the Hewlett-Packard FDDI 
transmitter and receiver 
consists of three basic elements: 
the optical subassembly, the 
electrical subassembly and the 
overall housing and connector 
port. The objective of the design 
is to provide consistent 
optoelectronic performance in 
commercial equipment 
environments over extended 
equipment mission-lifetimes. 


The optical subassembly 
contains either the 1300 nm 
LED or the 1300 nm PIN and 
preamplifier devices in a 
hermetic enclosure which is 
actively aligned to a GRIN rod 
optical element in the precision 
stainless steel ferrule-bore. This 


The electrical subassembly is a 
multilayer, ceramic substrate 
containing the driver or 
quantizer integrated circuits 
along with various surface- 
mounted passive components. 
This multilayer substrate 
provides optimum electrical 
performance with good noise 
immunity and noise emission 
suppression. 


The housing and connector port 
are die-cast zinc with nickel 
plating. Zinc is used for its 
excellent thermal conductivity 
which maintains the junction 
temperatures of the active 
semiconductors at the lowest 
levels possible for high reliabil- 
ity and long mission-life. The 
optical subassembly with its 
precision stainless steel 
connector ferrule bore fits into 
the ST® style bayonet connector 
port. The electrical and optical 
subassembly signal grounds are 
connected to the zinc housing 


_ for maximum shielding. The 


electrical and optical subassem- 
blies are mounted into the zinc 
housing and epoxy sealed for 
environmental protection. The 
optical port is protected with an 
easily removable, high tempera- 
ture, vinyl cap for protection 
from contamination during 
assembly onto circuit boards 
and shipment to the end-user 
site. 





ELECTRICAL 
SUBASSEMBLY 





DIFFERENTIAL 
DATA INPUT 


OPTICAL 
SUBASSEMBLY 










TRANSMITTER BLOCK DIAGRAM 





















ELECTRICAL 
SUBASSEMBLY 


OPTICAL 
SUBASSEMBLY 


1300 nm 
PIN DIODE 


active alignment provides 
optimal optical performance for 
both the transmitter and 
receiver. The precision stainless 
steel bore assures that the ST® 
connector ferrule tip containing 
the fiber will be precisely 
positioned relative to the focal 
point of the optics. 















DIFFERENTIAL 
DATA OUTPUT 









DIFFERENTIAL 
SIGNAL DETECT 
OUTPUT 


PREAMP 
IC 






RECEIVER BLOCK DIAGRAM 


Figure 3. Block Diagrams. 
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Application Assistance 


The Applications Engineering © 
group in the Hewlett Packard | 


Optical Communication 
Division is available to assist 
with the analysis of the 
performance of these 

products within a given circuit 
design. The effects of various | 
data-encoding schemes and 


cable plants can be analyzed to 
predict the system performance 


for a particular data link. 


Assistance is also available to 
obtain the best performance 
from these parts with 
appropriate board layout 
techniques for these high 
signaling rates. Figure 10 
provides a good example of a 
decoupling scheme that works 
well with these products. 
Contact your local 
Hewlett-Packard sales — 
representative to obtain this 
assistance. 


FDDI Transmitter and Receiver 


Absolute Maximum Ratings 


Output Current 


ae 


Data Input Current — ae 
Data Input Current — High 
Data and Signal Detect Output Load 


Signaling Rate 


Product Reliability Data 


Various environmental and life 
tests have been performed on 
these products and these tests 
are ongoing. Contact your local 
Hewlett-Packard sales 
representative to obtain copies 
of the summaries of these test 
results as they become 
available. 





FDDI Transmitter 


FDDI Transmitter Electrical Characteristics 
(T, = 0°C to 70°C, V,,, = 4.75 V to 5.25 V) 















Parameter Symbol 


4 
ecm 


270 







Power Dissipation ee 


mA 
W 
Threshold Voltage V 


-1,240 


az g 
age 
i 

eS 


FDDI Transmitter Optical Characteristics 
(T, = 0°C to 70°C, V,, = 4.75 V to 5.25 V) 


Parameter 


Output Optical Power 
62.5/125 um, NA = 0.275 Fiber 


50/125 um, NA = 0.20 Fiber 
Output Optical Power 
Temperature Coefficient 
Optical Extinction Ratio 






yp. [Max | Unie | Reference 


Merrett 


20 |_| aim ave | Note 9, 10 


-16 
.O1 0 % Note 11 
-40 -10 dB 
1270 1300 | 1380 Note 12 
Figure 6 
30 17 Note 13 
Figure 6 
1 
7 













ou 
© 
josord 


Po 
T 
Center Wavelength ‘ 


Spectral Width —- FWHM 
Optical Rise Time 


Optical Fall Time 
















1 

: 

2 3. n Note 14 
Figures 6, 7 

2 | 3. Note 14 

Figures 6, 7 

| 0.20 | 0.6 | ns pk-to-pk Note 16 

Poor | 0.69 


0 
9) 
9) 
6 


Duty Cycle Distortion D 
Data Dependent Jitter D 


Random Jitter 


A 
A 
nN 
AX 
t. Ss 
t, 
CD s 
DJ -to- 
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ns pk-to-pk Note 17 | 
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oO 
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c 
rey 
ca 
G. 





FDDI Receiver 


FDDI Receiver Optical Characteristics 
(T, = 0°C to 70°C, V.,, = 4.75 V to 5.25 V) 7 | | 


iin. [i 
Input Optical Power Ed 
az ne 


dBm avg Note 18 | 

Figure 8 : 
. +84 dBm avg Note 19 
| Figure 8 


dBm avg Note 19 







Symbol 


P., Min (C) 


Maximum -14 
Operating Wavelength 1270 
Signal Detect ee 


Asserted P,, +1.5 dB -36.2 
_*; = | ° ° 















Minimum at Window Edge -32.1 


Minimum at Center 


oo 
~J 
Ov 






-13 


-33.5 | dBmavg | Note 20, 31 
Figure 9 

dBm avg | Note 21, 32 
Figure 9 


n 
[a8 [Fire 9 







Deasserted 


ER 


Hysteresis 


FDDI Receiver Electrical Characteristics 
(T, = 0°C to 70°C, V,, = 4.75 V to 5.25 V) 










Symbol_| Min. | Typ. [Max | Unit | Reference | 

Supply Current | tea | | 80 | 40 | mA | Noteza 

[Power Dissipation | Paws |__| 03 | 08 |W | Nowe2t 

[Data Output Voliage—Eow | Va.-Vox | 1800] [-tea0[ Vv | Note25_ 

[Data Output Rise Time |__| 086 | 07 | 18 | ns | Notoae 

[Data Output Fulltime | & | 06 | o7 | 18 | ms | Noe26_ 
ae | 


Random Jitter 


2.14 | ns pk-to-pk Note 29 






Output Voltage — Low Va: -1,620 Note 25 
Output Voltage — High Vig? Vee -1.045 -0.880 Note 25 


Output Rise Time 1.0 
Output Fall Time 1.0 Note 30 
5 i 


Assert Time (off to on) AS_Max 1 Note 20, 31 
Figure 9 
Deassert Time (on to off) ANS_Max a7 190 350 Us Note 21, 32 


Figure 9 


1.6 
1.6 
100 


[as [Note 30 







Notes: 

1. This maximum rating applies to 
still air environments around the 
transmitter and receiver. 

2. When component testing these 
products all supply voltages should 
be applied simultaneously to avoid 
damage to the part. 

3. This is the maximum voltage that 
can be applied across the 
Differential Transmitter Data 
Inputs to prevent damage to the 
input ESD protection circuit. 

4. When component testing these 
products do not short the receiver 
data or signal detect outputs 
directly to ground to avoid damage 
to the part. 

5. The outputs are terminated with 50 
ohms connected to V,,, - 2 V. 

6. The specified signaling rate of 10 
MBd to 125 MBd guarantees 
operation of the transmitter and 
receiver link to the full conditions 
listed in the FDDI Physical Layer 
Medium Dependent standard. 
Specifically, the link bit error ratio 
will be equal to or better than 2.5 x 
10°° for any valid FDDI pattern. 
The transmitter section of the link 
is capable of dc to 125 MBd 
operation. The receiver is internally 
ac-coupled which limits the lower 
signaling rate to 10 MBd. For 
purposes of definition, the symbol 
rate (Baud), also called signaling 
rate, f,,is the reciprocal of the 
shortest symbol time. Data rate 
(bits/sec) is the symbol rate divided 
by the encoding factor used to 
encode the data (symbols/bit). 

7. The power supply current needed to 
operate the transmitter is provided 
to differential ECL circuitry. This 
circuitry maintains a nearly 
constant current flow from the 
power supply. Constant current 
operation helps to prevent 
unwanted electrical noise from 
being generated, whether the noise 
is conducted or emitted, to 
neighboring receiver or logic 
circuitry. 

8. This value is measured with an 
output load R, = 10 kohms. 

9. These optical power values are 
measured with the following 
conditions; 

e At the Beginning Of Life (BOL). 
e Over the specified operating 
voltage and temperature ranges. 
e With HALT Line State, 
(12.5 MHz) square-wave, input 
signal. ans 
e At the end of one meter of noted 
optical fiber with cladding modes 
removed. 


The average power value can be 


converted to a peak power value by 
adding 3 dB. 


Higher output optical power 
transmitters are available on 
special request. 

10. This transmitter is available on 
special request with coupled optical 
power guaranteed into 50/125 um 
fiber cables. The value will depend 
on the specific NA of the 50/125 ym 
fiber used. 

11. The Extinction Ratio is a measure of 
the modulation depth of the optical 
signal. The data “0” output optical 
power is compared to the data “1” 
peak output optical power and 
expressed as a percentage. With the 
transmitter driven by a HALT Line 
State (12.5 MHz square-wave) the 
optical signal is detected with a 
receiver that linearly converts 
optical power to voltage, the extinc- 
tion ratio is the ratio of the voltage 
of the “0” level compared to the 
voltage at the “1” level expressed as 
a percentage. 

12. This parameter complies with the 
FDDI PMD requirements for the 
tradeoffs between center 
wavelength, spectral width, and 
rise/fall times shown in Figure 6. 
The temperature coefficient of the 
center wavelength is typically 
+0.37 nm/°C. 

13. This parameter complies with the 
FDDI PMD requirements for the 
tradeoffs between center 
wavelength, spectral width, and 
rise/fall times shown in Figure 6. 
The temperature coefficient of the 
spectral width is typically 
+0.25 nm/°C. 

14. This parameter complies with the 
FDDI PMD requirements for the 
tradeoffs between center 
wavelength, spectral width, and 
rise/fall times shown in Figure 6. 
This parameter also complies with 
the optical pulse envelope shown in 
Figure 7. The optical rise and fall 
times are measured from 10% to 
90% when the transmitter is driven 
by the FDDI HALT Line State logic 
input signal. 

15. Duty Cycle Distortion is measured 
at a 50% threshold using an IDLE 
Line State, 125 MBd (62.5 MHz) 
square-wave, input signal. 

16. Data Dependent Jitter is specified 
with the FDDI test pattern 
described in FDDI PMD Appendix 
A.5. 

17. Random Jitter is specified with an 
IDLE Line State, 125 MBd (62.5 
MHz) square-wave, input signal. 


5-131 


18. The Input Optical Power dynamic 
range, from the maximum value of 

“Pn Min (W)” to the minimum value 

of "P ", is the range over which 


IN Max 

the receiver is guaranteed to 

provide output data with a Bit 

Error Rate (BER) better than or 

equal to 2.5 x 10°!°. The BER will be 

better than or equal to 1 x 10°? at 
input optical power levels greater 

than the maximum “P,,, ,,. (W)” 
plus approximately 0.8 dB with this 
Hewlett-Packard receiver. This is 
1.2 dB better than required by the 
FDDI PMD. The measurement 
conditions are stated below. 

e At the Beginning of Life (BOL) 

° Over the specified operating 
temperature and voltage ranges 

e Input symbol pattern is the FDDI 
test pattern defined in FDDI 
PMD Appendix A.5 with 4B/5B 
NRZI encoded data that contains 
a baseline wander effect of 50 
kHz. Baseline wander is the 
alternation of data that contains a 
low frequency variation in the 
data pattern. 

e Input optical rise and fall times 
are approximately 1 ns and 2 ns 
respectively. 

e Sampled over the range from the 
center of the symbol +2.3 ns. This 
is because a window time-width of 
4.6 ns is the worst case allowed 
between the FDDI PMD Active 
Input Interface and the FDDI 
PHY PM_Data.indication input 
per the example in FDDI PMD 
Appendix E. This window time- 
width value is based upon a 
nearly ideal input optical signal 
presented to the receiver, i.e., no 
DCD, insignificant DDJ and RJ 
and fast optical rise and fall 
times. Per the Appendix E 
example the receiver is allowed to 
contribute a peak-to-peak jitter of 
DCD(0.4ns) + DDJ(1.0ns) + 
RJ(2.14ns pk-pk) = 3.54ns. The 
valid data window time-width 
then becomes 8.0ns - 3.54ns = 
4.46ns, or conservatively 4.6ns. 

19. All conditions of Note 18 apply 
except that the measurement is 
made at the center of the symbol 
with no window time-width. 

20. This value is measured during the 
transition from low to high levels of 
input optical power. 

21. This value is measured during the 
transition from high to low levels of 
input optical power. The minimum 
value will be either -45 dBm 
average or when the input optical 
power yields a BER of 107? or less 
which ever power is higher. 
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RELATIVE INPUT OPTICAL POWER (AP,,,) - dB 


22. These values are measured with the 
outputs terminated into 50 ohms 
connected to V,,. - 2 V. 

Measured at P,,, = -14 dBm average. 
The power dissipation value is the 
power dissipated in the receiver 
itself. Power dissipation is calcu- 
lated as the sum of the products of 
supply voltage and supply currents, 
minus the sum of the products of 
the output voltages and currents. 
These values are measured with 
respect to V.,. with the output 
terminated into 50 ohms connected 
to V,, - 2 V. The minimum values 
are corrected for +5.25 V operation 

for 100K ECL values that are 

usually specified at -4.8 V 
operation. 

The output rise and fall times are 
measured between 20% and 80% 
levels with the output connected to 
Veco - 2 V through 50 ohms. 


23. 
24. 


25. 


26. 


27. 


Duty Cycle Distortion is measured 
at a 50% threshold using an IDLE 
pattern, 125 MBd (62.5 MHz) 
square-wave, input signal. The 
input optical power level is -20 dBm 
average. 





100 120 140 160 


SIGNALING RATE — MBd 


CONDITIONS: 
1. Piy NORMALIZED (AP in = O dB) TO Pin min (C) AT 125 


M8d AT CENTER OF SYMBOL. 


2. APiy = Pin @ MBd - Piy @ 125 MBd 
3. FOD! PMD APPENDIX A.5 125 MBd TEST PATTERN 


WITH 50 kHz BASELINE WANDER 


4. BER =2.5 X 10°19 
5.Ta= 
6. Vec = 5 Vde 


25°C 


7. INPUT OPTICAL RISE/FALL TIMES = 1.0 ns/2.1 ns 


Figure 4. Relative Input Optical 
Power vs. Signaling Rate. 


BIT ERROR RATE (BER) 


/ 10°10 


2.5 x 1071? 19-11 


28. Data Dependent Jitter is specified 
with the FDDI test pattern 
described in PMD Appendix A.5. 
The input optical power level is -20 
dBm average. 
Random Jitter is specified with an 
IDLE Line State pattern, 125 MBd 
(62.5 MHz) square-wave, input 
signal. The input optical power 
level is at maximum “P,,, y,, (W)”- 
30. The output rise and fall times are 
measured between 20% and 80% 
levels with the output connected to 
Vo, - 2 V through 50 ohms. 
The Signal Detect output shall be 
asserted within 100 ps after a step 


29. 


31. 


increase of the Input Optical Power. 


The step will be from a low Input 
Optical Power, < -45 dBm, into the 
range between greater than P, and 
-14 dBm. The BER of the receiver 
output will be less than 10? from 
15 ps (LS_Max) after Signal Detect 
has been asserted. See Figure 9 for 
more information. 
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RELATIVE INPUT OPTICAL POWER (AP iy )-dB 


CONDITIONS: 


1 


2. 


3. 


. Piy [LS NORMALIZED (AP,, = O dB) AT Pi min (W) , 
WITH BER = 2.5 x 10°79 AND WINDOW TIME-WIDTH 


OF +2.3 ns EITHER SIDE OF SYMBOL CENTER. 
AP, = Pin @ BER - Pin @ 2.5 x 10°19 BER. 
FDDI PMD APPENDIX A.5 125 MBd TEST PATTERN 


WITH 50 kHz BASELINE WANDER. 
4.Ts= 


25°C 


5. Vec = 5.0 Vde 


6. 


INPUT OPTICAL RISE/FALL TIMES = 1.0 ns/2.1 ns 


Figure 5. Typical Bit Error Rate vs. 
Relative Input Optical Power. 
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TRANSMITTER OUTPUT OPTICAL 
SPECTRAL WIDTH (FWHM) (AA) — nm 


32. Signal detect output shall be 
deasserted within 350 ps after a 
step decrease in the Input Optical 
Power from a level which is the 
lower of; -31 dBm or P,, + 4 dB (P,, 
is the power level at which signal 
detect was deasserted), to a power 
level of -45 dBm or less. This step 
decrease will have occurred in less 
than 8 ns. The receiver output will 
have a BER of 10° or less for a 
period of 12 us or until signal detect 
is deasserted. The input data 
stream is Quiet symbols. Also, 
signal detect will be deasserted 
within a maximum of 350 us after 
the BER of the receiver output 
degrades below 10°? for an input 
optical data stream that decays 
with a negative ramp function 
instead of a step function. See 
Figure 9 for more information. 


“—~t+-TRANSMITTER 
OUTPUT OPTICAL 





1280 1300 1320 1340 1360 


TRANSMITTER OUTPUT OPTICAL 
CENTER WAVELENGTH (A,) — nm 


1380 


HEWLETT PACKARD FDDI TRANSMITTER TEST 
RESULTS OF dc, Ad AND t,,, ARE CORRELATED AND 
COMPLY WITH THE ALLOWED SPECTRAL WIDTH AS 
A FUNCTION OF CENTER WAVELENGTH FOR 
VARIOUS RISE AND FALL TIMES. REFERENCE 
FIGURE 5-1 OF FODI PMD. 


Figure 6. Transmitter Output 
Optical Spectral Width (FWHM) vs. 
Transmitter Output Optical Center 
Wavelength. 
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THE OUTPUT OPTICAL PULSE SHAPE SHALL FIT WITHIN THE BOUNDARIES OF THE PULSE ENVELOPE. 
FOR RISE AND FALL TIME MEASUREMENTS, THE MAXIMUM POSITIVE AND MINIMUM NEGATIVE 
WAVEFORM EXCURSIONS IN THE ZERO AND 100% TIME INTERVALS SHALL BE CENTERED AROUND 
THE 0.0 AND 1.00 LEVELS, RESPECTIVELY. A MINIMUM BANDWIDTH RANGE OF 100 kHz TO 750 MHz IS 
REQUIRED FOR THE MEASUREMENT EQUIPMENT USED TO EVALUATE THE PULSE ENVELOPE. 





Figure 7. Output Optical Pulse Envelope. 
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RELATIVE INPUT OPTICAL POWER (AP, )- dB 
° 


‘ 
—_ 


4 #3 +2 «-1 0 1 2 3 4 
SAMPLING TIME POSITION (ts) — ns 
CONDITIONS: 


1. Piy IS NORMALIZED TO Pyy win (C) AT CENTER OF 
SYMBOL. 

APin = Pin @ ts - Pin @ toenter 

FDDI PMD APPENDIX A.5 125 MBd TEST PATTERN 
WITH 50 kHz BASELINE WANDER. 

. BER =2.5 x 10°19 

. Ta = 25°C 

. Voc = 5 Vdc 

INPUT OPTICAL RISE/FALL TIMES = 1.0 ns/2.1 ns 


Figure 8. Relative Input Optical 
Power vs. Sampling Time 
Position. 
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-31.0 dBm 















MIN (Pp + 4.0 dB or -31.0 dBm) 


Py (Pp + 1.5 dB < Py, = -31.0 dBm) 
Pp = MAX (Pg OR -45.0 dBm) 
(Ps = INPUT POWER FOR BER < 10-2 


INPUT OPTICAL POWER 
(2 1.5 dB STEP INCREASE) 


INPUT OPTICAL POWER 
(2 4.0 dB STEP DECREASE) 


INPUT OPTICAL POWER 


a 
4 


~45.0 dBm 


Le AS_MAX = = ANS_MAX 


SIGNAL_DETECT (ON) 


SIGNAL_DETECT (OFF) 


SIGNAL DETECT 
OUTPUT VOLTAGE 
<> 





TIME 


AS_MAX— MAXIMUM ACQUISITION TIME (SIGNAL). 
AS_MAX IS THE MAXIMUM SIGNAL_DETECT ASSERTION TIME FOR THE STATION. 
AS_MAX SHALL NOT EXCEED 100.0 us. THE DEFAULT VALUE OF AS_MAX !S 100.0 us. 


ANS_MAX— MAXIMUM ACQUISITION TIME (NO SIGNAL). 
ANS_MAX 1S THE MAXIMUM SIGNAL_DETECT DEASSERTION TIME FOR A STATION. 
ANS_MAX SHALL NOT EXCEED 350 us. THE DEFAULT VALUE OF ANS_MAX IS 350 us. 


Figure 9. Signal Detect Thresholds and Timing. 
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GND{10 


7 


R6 
82 





” 
(S) 
DATA E 
Veo} 1 DATA o 
ct 
[tty 
13 130 oh f 
2 2 TOP VIEW TOP VIEW 130 ¢ 130 
R10 
82 SIGNAL 
DETECT 
NOTES: SIGNAL 
1. PLACE TERMINATION RESISTORS NEAR RECEIVING INPUT DATA POINTS. DETEUt 
2. MAKE DIFFERENTIAL SIGNAL PATHS SHORT AND OF THE SAME LENGTH WITH EQUAL R11 R12 
TERMINATIONS TO Veg - 2 VOLTS. 130 130 
3. SIGNAL TRACES SHOULD BE 50 2. TRANSMISSION LINES (MICROSTRIP OR STRIPLINE). 
USE GROUND PLANE (OR MULTI-LAYER) PRINTED CIRCUIT BOARD FOR BEST HIGH FREQUENCY + st 
PERFORMANCE. 5 = 
4. RESISTORS IN OHMS. CAPACITORS IN MICROFARADS. INDUCTORS IN MICROHENRIES. 
5 USE HIGH-FREQUENCY MONOLITHIC CERAMIC BYPASS CAPACITORS AND LOW SERIES dc 


RESISTANCE INDUCTORS. FERRITE INDUCTORS CAN BE USED. LOCATE POWER SUPPLY FILTER, 
COMPONENTS CLOSE TO FIBER OPTIC DEVICES. 


. CAUTION: DO NOT DIRECTLY CONNECT FIBER OPTIC MODULE ECL OUTPUTS (DATA, DATA, SIGNAL 


DETECT, SIGNAL DETECT) TO GROUND WITHOUT PROPER CURRENT LIMITING IMPEDANCE. 


. ALL POWER SUPPLY VOLTAGES FOR THE FIBER OPTIC RECEIVER OR TRANSMITTER SHOULD BE 


APPLIED SIMULTANEOUSLY TO PREVENT POSSIBLE DAMAGE TO THE DEVICE. 


. DEVICE GROUND PINS SHOULD BE DIRECTLY AND INDIVIDUALLY CONNECTED TO GROUND. 


Figure 10. Recommended Decoupling Circuit Diagram. 
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-Optocouplers 


Plastic Optocouplers 
Put an end to erroneous data, | 
false control signals, and. | 
damaged circuits with HP’s . 
line of high-performance _ 


plastic optocouplers. There are ~- 
six basic families of optocoup- _ 
lers to choose from: high-speed. 


logic gate,high-speed 
transistor output, high-gain, 
high-speed CMOS logic-to- 
logic, AC/DC-to-logic interface, 
and 20 mA current loop. All ~ 
plastic optocouplers are UL 


approved and have a withstand 
voltage of 2500 Vrms/1 minute 
~ achieve outstanding 


as a standard feature. A 5000 | 
Vrms/1 minute optionis _ 
available on selected families. 
VDE 0883 approval has been | 


uum Obtained for our entire line of _ 


plastic optocouplers. Also 
available are two surface 
mount options for our standard 
package. — 


New this year are two new 
packages and a new opto- 
coupler family. A true surface 
mount SO-8 package is 
available for all 6N series 
- optocouplers, the HCPL-2601/ 
11, and the HCPL-4502/3. 


A VDE 0884 approved version 
of the 6N135/6 and 6N138/9 


‘The HCPL-7100 is the first 


optocouplers has been designed 


to meet safety requirements 


- worldwide. The CNW135/6 and 


CNW138/9 optocouplers 


__. feature a “widebody” package. | 


to ensure conformance to 
stringent creepage and 


clearance requirements. 


optocoupler of our new CMOS 


family. This optocoupler 


combines the latest CMOS IC 


- technology, a new high-speed 
AlGaAs LED and an optimized 


light coupling system to 


performance with very low 


- power consumption. 


Common mode noise rejection 
has been improved on several 
of our optocouplers. Enhanced 


_ performance up to 15 kV/us 


and a Vem of 1500 volts are 


available. 


_ Hewlett-Packard offers a new 
miniature solid-state relay 
featuring withstand voltages of. 


200 V; and current rating of 40 
mA. This 4 pin dual in-line 


- package (DIP) product offers 


the reliability and long life 
required in instrumentation, © 
telecommunication, and 


— 62 


industrial control applications. 
The HSSR-8200 replaces 
electromechanical relays now 


- used in signal and low power 
| ‘switching applications. 


| Furthermore, with Hewlett- 


Packard’s solid-state relays you 


get lower power dissipation as a 
result of the 1 mA control current 
requirement. The HSSR-8200 
_ features an output with very low 


leakage current, offset voltage, 


~ and capacitance which permits 


the design of multiplexers that 
require greater measurement 
accuracy. 


~ A Selection Flowchart has been 


added immediately following this 


- introduction to facilitate selec- 


tion of the correct optocoupler or 
solid state relay for your 
application. 


Product Safety 
Regulations and 
Optocouplers 

Optocouplers are frequently used 
to optically connect a signal line 
to an electrical circuit in a piece 


of equipment. Besides providing 


signal isolation, the optocoupler 
may be used to provide high 
voltage insulation. It does this by 


_ preventing voltage transients on 


a signal line from affecting the 
equipment, and by preventing 
high voltage powerline 
transients, which may be 
present inside the box, from 
reaching an equipment user. 


Because optocouplers perform 
this safety function, they are 
regulated by many national 
safety agencies. They can be 
regulated in two ways: at a 
component level, as UL (US) 
and VDE (West Germany) do 
and at an electrical system or 
sub-system level. Additional 
national agencies that have 
regulations concerning 
optocouplers include BSI (UK), 
CSA (Canada), and FEI 
(Finland). 


The key items that are 
regulated are insulation 
integrity under an array of use 
conditions, flammability, and in 
the case of telecommunications 
applications, ability to protect 
the telecom network and 
equipment connected to it. 
Different types of equipment 
have different levels of 
requirements. 


Insulation 
Coordination 

The equipment designer 
selecting an optocoupler to 
provide insulation uses the 
principles of insulation 
coordination found in the IEC 
664 and 664A (1980 and 1981). 
The optocoupler must block both 
the working voltage and 
allowable transients. The 
driving factors are power line 
(or working) voltage, 
installation classification, and 
pollution degree. The higher the 
installation class, the higher the 
magnitude of transient voltages 


on the line can be. The power 
line voltage and the max rated 
impulse value together 
determine the CLEARANCE 
(distance through air between 
input metal and output metal). 


The power line voltage, 
pollution degree, and CTI 
(comparative tracking index) of 
the molding compound 
determine the CREEPAGE, 
(minimum distance along the 
surface of the package from 
input metal to output metal). 
Pollution degree comes from the 
end-use application and 
corresponds to the conductivity 
of dust, dirt, water, etc. that the 
optocoupler may be exposed to. 
The higher the CTI, the more 
resistant the material is to 
electrical arc tracking, so the 
creepage distances can be 
smaller. 


VDE 0883 and 0884 

There are currently two VDE 
standards that govern 
optocouplers, VDE 0883 and its 
successor, VDE 0884. As of 
January 1990 VDE 0883 
approval will no longer be 
granted for new equipment. A 
grandfather clause will be in 
effect for two years to allow time 
for recertification under VDE 
0884. There are two basic 
differences between the 
standards: the dielectric voltage 
test and the manner in which 
the parts are evaluated for 
equipment applications. The 
production dielectric test in 
VDE 0883 is a one-minute 
withstand test of four times the 
working voltage plus one 
kilovolt AC. The production test 
in VDE 0884 is a more sensitive 
test which measures partial 
discharge carried out at a lower 
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voltage to guarantee the integ- 
rity of the insulation. Parts 
submitted under VDE 0883 
would also be evaluated for 
suitability for various equipment 
applications. Each equipment 
standard is listed separately on 
the optocoupler license. This 
will no longer be the case under 
VDE 0884. VDE 0884 is a safety 
standard, VDE 0883 was not. 
The partial discharge testing of 
VDE 0884 more thoroughly 
guarantees the insulation 
integrity than VDE 0883 could. 
VDE supplies a letter saying 
which equipment standards the 
VDE 0884 optocoupler is 
suitable for. 


Currently, all Hewlett-Packard 
plastic bipolar optocouplers are 
certified to VDE 0883 and UL 
1577. In addition, the CNW 
family of "widebody" 
optocouplers and the HCPL- 
7100 CMOS optocoupler are 
certified to VDE 0884 and have 
received other approvals from 
agencies worldwide. 


Please see the data sheets of 
these products for a complete 
list. 
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Optocoupler for Safe 
Electrical Separation 
per VDE 0884 


Optocouplers providing safe 
electrical separation per VDE 
0884 do so only within the 
safety-limiting values to which 
they are qualified. Protective 
cut-out switches must be used 
to ensure that the safety limits 
are not exceeded. 


The partial discharge 
measurement ensures that no 
partial discharge will occur 





The Mains Voltage and - 
Installation Class desired: 
determines the required 
voltages for Type and 
Production testing. For 

example, if the mains voltage is — 
300 volts and the Installation 


during operation at maximum 
allowable working insulation 
voltage (Vivir): Prolonged 
partial discharge degrades the 
insulation material and can lead 
to high voltage breakdown. 


TIME — TEST VOLTAGE DIAGRAM IN ACC. WITH VDE 0884 


Vinitiar 


PROCEDURE A) 
(FOR TYPE AND SAMPLING TESTS, 
DESTRUCTIVE TESTS) 


=1to10s 
=1s 


th. to 

ts, ty 

t, (MEASURING TIME FOR 
PARTIAL DISCHARGE) =60s 

ty =62s 

tay =10s 


PROCEDURE B) 

(FOR 100% PRODUCTION TESTING) 

t3, ta =0.1s 

t, (MEASURING TIME FOR 
PARTIAL DISCHARGE) =1s 

th : =1.2s 





Figure 1. 


Table 1. 








(VAC). 





500 — 800 







330 233 353 
500 353 800 565 1500 
— 800 656 1500  ~—=1060 2500 
1500 1060 2500 (1767 4000 
2500 1767 4000 2828 6000 
4000 — 2828 6000 4242 8000 





Class desired is Class III, then 
Vinrma, Must be 2828 Vrms 
(4000 V peak). V,,, is 
determined from the value of 
Viorm: 5¢e Figure 1 and Table 1 
below. 


Preferred Insulation Test Voltages for Service Class (V, 7141) 
I II mm 
PEAK RMS PEAK RMS PEAK RMS PEAK RMS 
(VAC) — (VAC) (VAC) 


565... = 1500 1060 
1060 2500 1767 
1767 4000 . 2828 
2828 6000 4242 
4242 8000 5656 
5656 12000 8484 





Either the peak AC or the RMS ac test voltage can be used in this test. In the case of the AOT VISO-700 tester the RMS test 


voltage has to be used because test voltage settings are in RMS. 
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Definition of Terms Used in the Qualification Test Diagram 


Term Name 


V 


INITIAL 


PR 


V 


IORM 


T 


P 
T (ini) 
T1, T2, T3, T4 


Pass/Fail 
Criteria 


Definition 


Maximum test voltage applied to device under test. This voltage is determined from 
the Mains Voltage rating and the preferred insulation test voltage by service class. 


Test voltage applied to the device to verify isolation capacity. This voltage is usually 
1.2 times the mains rating (V,,,,,) for Procedure a and 1.6 times V,,,,, for 
Procedure b. 


IORM IORM 


Maximum continuous voltage which may be applied to device. Also known as the 
mains voltage in Table 2, above. 


Test time for partial discharge testing and equals 60 seconds. 


Time at V test voltage and equals 10 seconds. 


INITIAL 


These test times are preset by the VISO-700 and are not to be adjusted. 


No leakage failures and no unit to have more than 5 pC Partial Discharge during 
partial discharge test time T,. 
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Optocoupler and Solid State 
Relay Selection Flowchart 


Solid State 


Withstand V 
200 Volts 


Ron = 
160 Ohms 


HSSR-8200 





Surface 
Mount 


HCPL-0700/1 


Ingle 
Channel 
VDE 0884 
Approved 


CNW138/9 


BKV Vico 
Option 020 


6N1378/9 
4N40/6 


| CMR 
Single 
Channel 


Surface Withstand 
|__ Mount Voltage _ 


HCPL-0600/1 
2.5 kV Viso 5 kV Viso 
Standard Option 020 
6N137 HCPL-2601/2 
HCPL-2300 6N137 
HCPL-2601/2 
Data Rate 
<= 5MBd 
Standard 
CMR 


Dual 
Withstand “Withstand 
Voltage Vokage 


2.5 kV Viso 2.5 KV Viso 
Standard Standard 
HCPL-2200 HCPL-2231 
HCPL-2201/2 HCPL-2730/1 
6N138/9 
4N45/6 





Digkal 
Applications 


LED Current 
IF<=5mA 


CMR 
Single 
Channel 
Withstand 
Vokage 
2.5 kV or 
5kV Opt 020 


HCPL-2611/2 


Dual 
Channel 
Withstand 
Volage 
2.5 KV or 
5kV Opt 020 


HCPL-4661 


Dual 
Channel 
Withstand 
Voltage 


Surface 
Mount 


HCPL-0611 


HCPL-2630/1 


High 
CMR 


Dual 


HCPL-2232 


ingle 
Channel 


HCPL-2211 
HCPL-2212 


B KV Vico 
Option 020. 


HCPL-2730/1 


Standard 
CMR 
Single 
Channel 


HCPL-2400 


Date Rate 
> 10 MBd 


Hig! 
CMR 


Single 
Channel 


HCPL-2411 

HCPL-7100 

Dual HCPL-7101 
Channel 


HCPL-2430 


Plastic 
Package 


Digital Analog Application 
Applications Applications Specific 
LED Current 

IF>5mA 


Data Rate 
1MBd 


Bandwidth Bandwidth AC/DC tp 20 mA Digkal 
9 MHz Typ 16 MHz Typ Logic Current Loop 
Single Single Single 
Channel Channel Channel 
Single Dual 
Channel Channel Withstand HCPL-4100 
Vokage andard ow HCPL-4200 
Input Current 
Withstand 
Votage 2.5 kV or 
5kV 


020 
” ne Line Standard 
Standard ane Receiver Receiver CMR 

CMR 
Op HCPL-4562 


agen Line Withstand 
HCPL-2590/1 Recelver Receiver 
Surtace Withstand Surface Withstand HCPL-3700 HCPL-3760 

si on 


HCPL-0500/1 2.5 kV or HCPL-0453 2.5 kV or 
HCPL-0452 5kV Opt 020 5kV Opt 020 HCPL-2602 
5962- HCPL-4503 
8957201EC 
6N135/6 
inet HCPL-4502 
HCPL-2502 
CNW1386 


Line Reciever 
10 MBd 
Single 

Channel 


High 
CMR 


Withstand 
Votage 
25 kV or 
5kV Opt 020 | 


HCPL-2612 


Analog/Video 
BW = 16 MHz 


Single 
Channel 
Withstand 
Vollage 


2.5 kV or 
5kV Opt 020 


HCPL-4562 


2. 
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High-Speed Logic Gate Optocouplers 











Withstand 
Test 
Specified} Voltage/ 
Input | Regulatory 
Current | Approval 

















Guaran- 
teed 


Typical 
Data Rate 


[NRZ] 






Description Application 


Page 
No. 





























HCPL-2200 | 3 State Output Low | High Speed Logic 1.6mA | 2500 Vac/ 
| Input Current Ground Isolation, 
Optically Coupled LSTTL, TTL, CMOS 
HCPL-2219 | Logic Gate Logic Interface 
Veg = 20 V Max. 





Low Input Current 
Optically Coupled 
Logic Gate 

Veg = 20 V Max. 


HCPL-2201 


HCPL-221 1 
HCPL-2202 
HCPL-2212 


HCPL-2231 


















Motor Controls, 
Switch-mode Power 
Supplies, 
Electrically Noisy 
Environments 
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Dual Channel Low 1.8mA | 2500 Vac/| 6-27 
Input Current 
Optically Coupled 
Logic Gate 


Veg = 20 V Max. 


















High Speed Logic 
Ground Isolation, 
LSTTL, TTL, CMOS 
Logic Interface 










Motor Controls, 
Switch-mode Power 
Supplies, 
Electrically Noisy 
Environments 




















2500 Vac/ 
1 min. 







Very Low Input 
Current, High Speed 
Optocoupler 









High Speed, Long 
Distance Line 
Receiver, Computer 
Peripheral Interfaces, 


HCPL-2232 
Vow = 800 V 
CMOS Logic 


HCPL-2300 8 Mb/s 
Voy = 50 V 
Interface 
HCPL-2400 | 20 MBaud, High Very High Speed 40 Mb/s 
Common Mode Logic Isolation, 
Rejection, Optically | 1/0 and Parallel-to- 
Coupled Logic Gate | Serial Conversion 
3 State Output 
HCPL-2411 Motor Controls, 
Switch-mode Power 
Supplies, 
Electrically Noisy 
Environments 
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VDE 0883 


4.0mA | 2500 Vac/ 


ANODE (2| 1 min. 


CATHODE al 






VDE 0883 


1000 Vius @ 
Voyy = 300 V 





High-Speed Logic Gate Optocouplers (Continued) 


Withstand | 





Test 
Specified} Voltage/ 
Input |Regulatory 
Current | Approval 





Typical Guaran- 
Data Rate teed 
Device Description Application [NRZ] CMR 



































































































HCPL-2430 | Dual Channel, Very High Speed 40 Mb/s | 1000 V/jus @| 4.0mA | 2500 Vac/} 6-46 
20 MBd High Logic Isolation, 1 min. 
Common Mode 1/0 and Parallel-to- 
Rejection Serial Conversion VDE 0883 
6N137 Optically Coupled Line Receiver, High | 10Mb/s | >100 V/us 2500 Vac/| 6-53 
Logic Gate Speed Ground Vey = 10V 1 min. 
Isolation (Typical) 5000 Vac/ 
1 min. 
(Option 
| 020) 
VDE 0883 
HCPL-2601 | High Common Mode | High Speed Logic 10 Mb/s |1000 V/s @| 5.0mA | 2500 Vac/ 
Rejection, Optically | Ground Isolation 1 min. 
Coupled Logic Gate 5000 Vac/ 
HCPL-261 1 Motor Controls, 5k Vius @ 1 min. - 
Switch-mode Power Voy = 1000 V (Option t 
Supplies, 020) . =] 
Electrically Noisy 8 
Environments | VDE 0883 a | 
HCPL-2602 | Optically Coupled Replace Conven- 10 Mb/s | 1000 V/ius @} 5.0mA {| 2500 Vac/| 6-60 
Line Receiver tional Line } 1min. 
Receivers 5000 Vac/ 
1 min. 
HCPL-2612 Electrically Noisy 5K Vius @ (Option 
Environments Voy = 1000 V 020) 
VDE 0883 
2500 Vac/| 6-68 


1 min. 
5000 Vac/ 
1 min. 
(Option 
020) 








VDE 0883 





HCPL-2630 | Dual Channel Line Receiver, High | 10 Mb/s | >100 V/s | 5.0mA 
Optically Coupled Speed Logic Vow = 10 V 
Gate Ground Isolation (Typical) 
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Bold Type ~ New Product 





High-Speed Logic Gate Optocouplers (Continued) 


Typical | Guaran- {Specified} Voltage/ 
Input |Regulatory| Page 
Description Application | Current | Approval 


HCPL-2631 | Dual Channel, 
High Common Mode | Logic Ground 
Rejection, Optically | Isolation 
Coupled Logic Gate 





HCPL-4661 Motor Controls, 
Switch-mode Power 
Supplies, 
Electrically Noisy 
Environments 


Small Outline High-Speed Logic Gate Optocouplers 









Withstand 
Test 
Specified] Voltage/ 
Input 
Current 

















Typical | Guaran- 














Description Application Approval 















Small Outline 
Optically Coupled 
Logic Gate _ 


HCPL-0600 Line Receiver, High 
Speed Ground 


Isolation 


2500 Vac/| 6-74 















(Typical) 




















Small Outline 
High CMR, 
Optically Coupled 
Logic Gate 


High Speed Logic 
Ground Isolation — 


HCPL-0601 
HCPL-0611 


Bold Type — New Product 



















Motor Controls, 
Switch-mode Power 
Supplies, 
Electrically Noisy 
Environments 


5K Vius @ 
Vey = 1000 V 
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High-Speed Transistor Output Optocouplers 


Withstand 
Test 
: Typical Current | Specified} Voltage 
Data Rate} Transfer Input | Regulatory 
Device Description Application [NRZ] Ratio Current | Approval 


Transistor Output Line Receiver, 1 Mb/s 7% PMN 16mA_ | 2500 Vac/ 
Analog Circuits, 1 min. 
TTLICMOS, 19% Lod 5000 Vac/ 
TTLALSTTL Ground 1 min. 
HCPL-4502 | Pin 7 Not Isolation (Option 
ele ‘ 
HCPL-4503 | Pin 7 Not Electrically Noisy VDE 0883 
Connected, Very Environments 
High CMR 


in 2530 | Dual Channel Line Receiver, 1 Mb/s 7% fae 16mA_ | 2500 Vac/ 
prone Output Analog Circuits, —1min 
TTL/CMOS, 5000 Vac/ 
HCPL-2531 TTLALSTTL Ground 19% Min. 1 min 
Isolation (Option 
020) 
VDE 0883 


Small Outline High-Speed Transistor Output Optocouplers 


Withstand 
Test 
Typical Current | Specified; Voltage/ 
Data Rate| Transfer Input {|Regulatory| Page 
Description Application [NRZ] Ratio Current | Approval | No. 





” 
ce 
uj 
onal 
a. 
> 
8 

& 

"Oo 








wcPLo500 0500 | Small Outline Line Receiver, 1 Mb/s 16 mA | 2500 Vac/ 
Hon. | sao Output Analog Circuits, 1 min. 
| TTLICMOS, 19% Min. 
TTLALSTTL Ground 
HCPL-0452 | Pin 7 Not Isolation 
Connected 
HCPL-0453 | Small Outline Motor Controls, 
Ultra High CMR Switch-mode Power 
Transistor Output Supplies, 
(Pin 7 Not Electrically Noisy 
Connected) Environments | . 


Bold Type — New Product 
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Widebody High-Speed Transistor Output Optocouplers 


Withstand 
Specified | Voltage/ 
Input |Regulatory 














































Current 
Transfer 













Description Application Ratio Current | Approval 
Transistor Output High Voltage 1 Mb/s 7% Min. 16 mA_ | 5000 Vac/ 
Widebody Insulation in. 
(4e pitch) Package 
Line Receiver 19% Min. : 
Feedback Element 
in Switch-mode 
Power Supplies 3 
as 380, 950, 
335, 435, 
601 
BSI 415, 
7002 


High Gain Optocouplers 
Withstand 

























































Test 
Typical Current | Specified} Voltage/ 
Data Rate} Transfer Input | Regulator 
Device Description Application [NRZ] Ratio Current | Approval 
Low Saturation Line Receiver, Low | 100 kb/s |; 300%Min. | 1.6mA | 2500 Vac/ 
Voltage, Current Ground 
High Gain Output, Isolation, TTL/TTL, 
Veg = 7 V Max. LSTTLTTL, . 
CMOS/TTL 

























Line Receiver, Ultra 400% Min. | 0.5mA 
Low Current Ground 
Isolation, CMOS/ 

LSTTL, CMOS/TTL, 


CMOS/CMOS 


Low Saturation 
Voltage, | 
High Gain Output, 
Voc = 18 V Max. 

























HCPL-2730 | Dual Channel, Line Receiver, 100 kb/s | 300% Min. | 1.6mA | 2500 Vac/ 
High Gain, | Polarity Sensing, 1 min. 
Voo= 7 V Max. Low Current 5000 Vac/ 
Ground Isolation 1 min. 
HCPL-2731 | Dual Channel, 400% Min. | 0.5mA | (Option 
High Gain, | | 020) 
Voc = 18 V Max. 







VDE 0883 
















Darlington Output 
Veo = 7 V Max. 


AC Isolation, 
Relay-Logic 
Isolation 





250% Min 


ANoDE (IF : a Ve 
CATHODE[2/-* ae Vo 
3] 4] eno 
350% Min, 


Bold Type — New Product 





Darlington Output, 
Veg = 20 V Max. 






4N45 
4N46 
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Small Outline High Gain Optocouplers 


Description 


HCPL-0700 | Small Outline Low 
Saturation Voltage, 
High Gain Output, 
Veg = 7 V Max. 


HCPL-0701 | Small Outline Low 
Saturation Voltage, 
High Gain Output, 
Veg = 18 V Max. 


Widebody High Gain Optocouplers 


Description 


Low Saturation 
Voltage, 

High Gain Output, 
Veo = 7 V Max. 


Widebody (4e 
pitch) Package 


CNW139 | Low Saturation 
Voltage, 
High Gain Output, 
Veg = 18 V Max. 
Widebody (4e 
pitch) Package 


Bold Type — New Product 


Withstand 
Test 
Typical Current {Specified} Voltage/ 


Data Rate| Transfer Input |Regulatory) Page 


Application [NRZ] Ratio Current | Approval 





Line Receiver, Low 300% Min. | 1.6mA | 2500 Vac/| 6-122 
Current Ground 1 min 
Isolation, TTL/TTL, 

LSTTL/TTL, | 
CMOS/TTL 

Line Receiver, Ultra 400% Min. | 0.5mA 

Low Current Ground 

Isolation, 

CMOS/LSTTL, 

CMOS/TTL, 

CMOS/CMOS 


Withstand 
Test 
Typical Current |Specified| Voltage/ 
Data Rate; Transfer Input |Regulatory 
Application [NRZ] Ratio Current | Approval 


Line Receiver, Low | 100 kb/s | 300% Min. | 1.6mA |} 5000 Vac/ 

Current Ground 1 min 

Isolation, TTL/TTL, 

LSTTL/TTL, UL 1577 

CMOS/TTL VDE 0804, 
0805, 0806 





0883, 0884, 
Line Receiver, Ultra 400% Min. | 0.5mA_ | 0860, 0750 
Low Current Ground IEC 65, 
Isolation, TTL/TTL, 380, 950, 
LSTTLTTL, 335, 435, 
CMOS/TTL 601 
BSI 415, 
7002 |} 
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High-Speed CMOS Optocoupler 


Withstand 
Guaran- Voltage/ 
Data Rate teed 
Description Application [NRZ] CMR Approval 


HCPL-7100 | High-Speed, Computer- 1000 Vius | 10mA | 2500 Vac/ 
Low Power Peripheral Interface @ (Typical)| 1 min 
3 State Output Digital Isolation for 50 V Vou 


A/D, D/A UL 1577 
CMOS IC Converters, VDE 0700, 
Technology | Motor Control, 0804, 0884, 

Power Inverter, 0160 

+5 V Compatibility 

CMOS and TTL 


| Logic 





Ultra High-Speed CMOS Optocoupler 





Withstand | 
Guaran- Voltage/ 
Data Rate teed 
Description Application [NRZ] CMR Approval 


HCPL-7101 | High-Speed, | Computer- 50 MBd | 2000 V/s | 10mA | 2500 Vac/ 
Low Power Peripheral Interface @ (Typical)} 1 min 
3 State Output Digital Isolation for 200 V Vi, 


| A/D, D/A UL 1577 
CMOS IC Converters, VDE 0804, 
~ | Technology Motor Control, 0884, 0160 
Power Inverter, 
+5 V Compatibility 
CMOS and TTL 


Logic 


Bold Type — New Product 
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Wideband Analog/Video Optocoupler 


Application 


HCPL-4562 | Wideband Analog/ 
Video Optocoupler 


Video Isolation, 
Feedback Element in 
Switch-mode Power 
Supplies 





AC/DC to Logic Interface Optocouplers 


Description 


HCPL-3700 | AC/DC to Logic 
Threshold Sensing 
Interface Optocoupler 


Application 


Limit Switch Sensing, 
Low Voltage 
Detector, Relay 
Contact Monitor 





HCPL-3760 | Low Input Current 


20 mA Current Loop Optocouplers 


Description Application 

Isolated 20 mA 

Current Loop in: 

¢ Computer 
Peripherals 

¢ Industrial Control 
Equipment 

* Data Communica- 
tion Equipment 


HCPL-4100 | Optically Coupied 
20 mA Current Loop 
Transmitter 

HCPL-4200 | Optically Coupled 
20 mA Current Loop 
Receiver 


Bold Type — New Product 
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Typical 
Data 
Rates 


20 kBd 
(at 400 
metres) 


2.5 mA TH 


Differen- 
tial 


Gain | Linearity 


Input 
Threshold 


Output 
Current | Current 
42mA 
1.3mA TH 


1.2 mA TH* 
0.6 mA TH: 


Input 
Charac- 
teristics 


Output 
Charac- 
teristics 


TTLICMOS | 27 V Max. 


3 State 
Output 


| 6.5mA 


Typ. 
Threshold 
Current 





Withstand 
Test 
Voltage/ 
Regulatory | Page 
Approval 


2500 Vac/ 
1 min 
5000 Vac/ 
1 min 
(option 020) 


Withstand 
Test 
Voltage/ 
Regulatory) Page 
Approval | No. 
2500 Vac/ | 6-165 
1 min , 
5000 Vac/ 
1 min 
(Option 
020) 
VDE 0883 


Withstand 
Test 
Voltage/ 
Regulatory| Page 
Approval | No. 
2500 Vac/ | 6-175 
1 min 
2500 Vac/ | 6-183 
1 min 


” 
ea 
rrr 
consi 
a. 
> 
8 
& 
co] 





Optocoupler sts 


Description 


Special construction and testing to ensure the capability to withstand 5000 V ac input to output for one minute. Testing is 
recognized by Underwriters Laboratories, Inc. (File No. E55361). This specification is required by U.L. in some 
applications where working voltages can exceed 220 V ac. 


Surface mountable optocoupler in a standard sized dual-in-line package with leads trimmed (butt joint). Provides an 
optocoupler which is compatible with surface mounting processes. 


Surface mountable optocoupler i in a standard sized dual-in-line package with gull wing leads. Provides an ic a 
which is compatible with surface mounting processes. 


Output Maximum | Maximum} Input’ | | 
Withstand . Load - Output | Page 
Application Voltage |Resistance| Current | Leakage | Insulation] No. 


HSSR-8200 | Data Acquisition, Test & 200 V 160 Q 40mA | 0.25nA | 3kVde | 6-195 
: Measurement, Analog — i 
Multiplexers, & Reed Relay | 
, Replacement | | 3 


Bold Type — New Product | 
Hermetic Optocouplers Selection Guide (see pg. 6-214). 
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LOW INPUT CURRENT 


HEWLETT 
PACKARD 


G 


SCHEMATIC 


SHIELD 


TRUTH TABLE 
(Positive Logic) 











Features 


e VERY HIGH COMMON MODE REJECTION 
2.5 KV/us AT 400 V Voy GUARANTEED (HCPL-2219) 

¢ COMPATIBLE WITH LSTTL, TTL, AND CMOS 
LOGIC 

© WIDE Vcc RANGE (4.5 TO 20 VOLTS) 

e 2.5 MBAUD GUARANTEED OVER 
TEMPERATURE 

¢ LOW INPUT CURRENT (1.6 mA) 

e THREE STATE OUTPUT (NO PULLUP 
RESISTOR REQUIRED) 

¢ GUARANTEED PERFORMANCE FROM 0°C 
TO +85°C 

e INTERNAL SHIELD FOR HIGH COMMON 
MODE REJECTION | 

e RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 

e VDE 0883 APPROVAL AVAILABLE 

e MIL-STD-1772 VERSION AVAILABLE 
(HCPL-5200/1) 


Applications 


Isolation of High Speed Logic Systems 
Computer-Peripheral Interfaces 
Microprocessor System Interfaces 
Ground Loop Elimination 

Pulse Transformer Replacement 
Isolated Buss Driver 

High Speed Line Receiver 


Description 


The HCPL-2200 is an optically coupled logic gate that com- _ 


bines a GaAsP LED and an integrated high gain photon 





HCPL-2200 


LOGIC GATE 
OPTOCOUPLER 


HCPL-2219 





OUTLINE DRAWING 


«9.40 (.370) 
9.90 (.390) 





TYPE NUMBER 
DATE CODE 


UL 
RECOGNITION 





be age (.070) MAX. 
—+— 1.19 (.047) MAX. DIMENSIONS IN MILLIMETRES AND (INCHES). 


| 4.70 (.185) MAX. 


t ost (.020) 
MIN. 
ae CAT 
2.92 (.175) MIN. 
65 (.025) MAX. 


2.28 (.090) 
2.80 (.110) 


0.76 (.030) ' 


7 
1.40 (.055) 


detector. The detector has a three state output stage and has 
a detector threshold with hysteresis. The three state output 
eliminates the need for a pullup resistor and allows for direct 
drive of data busses. The hysteresis provides differential 
mode noise immunity and eliminates the potential for output 
signal chatter. The detector IC has an internal shield that 
provides a guaranteed common mode transient immunity of 
1,000 volts/usec. Higher CMR specifications are available 
upon request. 


The Electrical and Switching Characteristics of the HCPL- 
2200 are guaranteed over the temperature range of 0°C to 
85°C. The HCPL-2200 is guaranteed to operate over a Vcc 
range of 4.5 volts to 20 volts. Low Ir and wide Vcc range 
allow compatibility with TTL, LSTTL, and CMOS logic. Low 
lr and low Icc result in lower power consumption compared 
to other high speed optocouplers. Logic signals are trans- 
mitted with a typical propagation delay of 160 nsec: 


The HCPL-2200 is useful for isolating high speed logic inter- 
faces, buffering of input and output lines, and implementing 
isolated line receivers in high noise environments. 


Recommended Operating Conditions 


Enable Voltage High 


Enable Voltage Low 


| 4 


TTL Loads 


*The initial switching threshold is 1.6 mA or less. It is recommended that 
2.2 mA be used to permit at least a 20% CTR degradation guardband. 
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Recommended Circuit Design Absolute Maximum Ratings 












Voce (No Derating Required up to 70°C) a 

Veet DATA Storage Temperature ................ -55°C to +125°C 
oe) ! Corey Operating Temperature ............. -40°C to +85° Cll] 
Po | Lead Solder Temperature ..... waawaemens 260°C for 10s 
FP HoPL vec bey ir Pc ae (1.6 mm below seating plane) 
a Eas ; PHAGE Average Forward Input Current — IF ............ 10 mA 
at 1 f*s._OR 4TTL LoaDs Peak Transient Input Current — IF ..............06- 1A 
DATA vA ee | (<1 ys Pulse Width, 300 pps) 
a Gat si \. Reverse Input Voltage ........ cece cece eee cee eeee 5V 
a See ‘ Supply Voltage — Voc ........ 600 . 0.0V min., 20V max. 

SOLES Loy Three State Enable Voltage 
stig SVE. Aeon duh ie Gacite casa gene os -0.5V min., 20V max. 
Output Voltage — Vo ........... .. 0.5V min., 20V max. 

Total Package Power 

Figure 1. Recommended LSTTL toLSTTL Circuit = Dissipation — P ..........cecceeeeceieeees 210 mWI1] 
a i Average Output Current — lo ..... ee eee eee eee 25 mA 


Electrical Specifications 


For 0°C < Ta!" < 85°C, 4.5 V < Voc S$ 20V, 1.6mA< Ie(on) S 5MA, 2.0 V < Vey S$ 20V, O.OVS Ve $0.8 V, 
0 mA S Ieorr) S 0.1 mA. All Typicals at Ta = 25°C, Voc = 5 V, IF(on) = 3 MA unless otherwise specified. See note 7. 


Logic Low Output Voltage P Vou Volts lo. = 6.4 mA (4 TTL Loads) 
Logic High Output Voltage | | Volts | lon =-2.6mMA “Von =Voo~ 2.1V 


aa 

Output Leakage Current ee he 100 BA lIF=5mA 
al 
ae, 









PO 
aS 








VOL 

Logic High Enable Voltage | VEH 2.0 Volts eae a ae 
_ |EH 
IEL 


| Ven ee 
pve | = 
| VEN =2.7V 
Logic High Enable Current jo 
i= 
fae 


pA 
bA 
LA 
mA 


VEN = 20V 
Logic Low Enable Current 
| Voc = 5.5V lp =OmA 


- Logic Low Supply Current 
‘Logic High Supply Current 


High Impedance State 

Output Current — loZH 
Logic Low Short Circuit 
Output Current lost 
Logic High Short Circuit | 
Output Current losH | 
Input Current Hysteresis 


VF 

BVp 

AVE. 

ATA 

CiN 


3 [60 _ 
ae 
Peo | 


naa IP 
Nia 


Vcc = 20V Ve = Don't Care 
Voc = 5.5V lk =5mA, 
Vcc = 20V Ve = Don't Care 


NO 
~“ 





[e) 
=~ 


. 


eee ee 
— 


Vo = 2.4V 












5 
0 
20 
00 





Vo =5.5V VEN = 2V, Ir =0 
Vo = 20V : 


Vo = Vcc = 5.5V a , 
l-F =OmA | . 32 
Vo = Vcc = 20V 
Voc = 5.5V ‘IF =5mA, - 
Voc = 20V Vo = GND 
A 

Ta = 25°C : 


Volts IR=10 yA 


mA 
mA 
mA 
mA 
LA 
LA 
BA 
LA 
mA 
mA 
mA 
mA 


25 
40 
-10 
-25 


= 















Input Forward Voltage 


Input Reverse Breakdown 
Voltage 

Input Diode Temperature 
Coefficient 


ars 


—_ Sis 
oa | ™ ro) 





4 [en) 
y atk 
a nm 


-1.7 mvV/°C 


Vams | RH<50%,t=1min,Ta=25°C | 12 | 
ohms | Vi-o = 500 VDC 





oO 


[input Output Resistance | R-o 
[Input Capacitance | Cn 






or 
” 








ee 
[=iwewo=0voe «| Sid 8 
[f= 1MHz, Ve=0v,Pins Zande |_| 


ak 
© 
—_ 
nm 


pF 
pF 
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Switching S pecifications For 0°C < Tal'! < 85°C, 4.5V < Vcc < 20V, 1.6mA< IF(ON) <5 mA, 


0.0 mA < IF(OFF) < 0.1 mA. All Typicals at Ta = 25°C, Vcc = 5V, IF(ON) = 3 mA unless otherwise specified. 


Parameter | Symbol —_| Test Conditions 


iz 
< 
ed 


Logic Low Output Level 

Propagation Delay Time to | tPLH 

Logic High Output Level 

Output Enable Time to tPZH 

Logic High 

Output Enable Time to tPZL 

Logic Low 

Output Disable Time tPHz 

from Logic High 

Output Disable Time tPLZ 
from Logic Low 
Output Rise Time (10-90%) | tr 

Output Fall Time (90-10%) | te 


| Symbol | Device | Units Test Conditions 
HCPL-2200 | 1,000 |\Vom| = 50 V 
ICMu| = 


Propagation Delay Time to Without Peaking Capacitor 


With Peaking Capacitor 


Without Peaking Capacitor 


6 
7 
With Peaking Capacitor 
5 
8 


1 
2 
2 























Parameter 






Logic High 
Common Mode 
Transient Immunity 





HCPL-2219 2,500 |\Vcm| = 400 V 


HCPL-2200 | 1,000 |Vem| = 50 V 
ICM 
7 HCPL-2219 | 2,500 |Vom| = 400 V 






Logic Low 
Common Mode 
Transient Immunity 


Conditions 
Measured from input terminals to output terminals 
Measured from input terminals to output terminals 
Min. Internal Plastic Gap (Clearance) 2 Through insulation distance conductor to conductor 
Tracking Resistance DIN IEC 112/VDE 0303 Part 1 
Isolation Group (per DIN VDE 0109) Material Group DIN VDE 0109 





n 
cf 
be 
all 
a. 
po] 
3 
a 
Oo 












Vor — LOW LEVEL OUTPUT VOLTAGE — V 
lon — HIGH LEVEL OUTPUT CURRENT — mA 
Vo — OUTPUT VOLTAGE — V 

















-60 -40 -20 20 40 60 -20 





20 40 





Ta — TEMPERATURE — °C Ta — TEMPERATURE — °C ip — INPUT CURRENT — mA 


Figure 2. Typical Logic Low Output 
Voltage vs. Temperature 


Figure 3. Typical Logic High Output 
Current vs. Temperature 


Figure 4. Output Voltage vs. Forward 
Input Current 
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Ie — FORWARD CURRENT — mA 





1.10 1.20 1.30 1.40 1.50 


Ve — FORWARD VOLTAGE — VOLTS 


Figure 5. Typical Input Diode Forward 
Characteristic 


C_ = 15 pF INCLUDING PROBE 
AND JIG CAPACITANCE +5V 








HCPL 
2200 





Vec | 8] 





INPUT Vc. 
MONITORING 
eee D314 ARE 1N916 OR 1N3064 — soy 
INPUT NY To 
Ve ‘lait wt OV 
$1 AND $2 
OUTPUT “Gj cL CLOSED 
ve —VoL 
OUTPUT —Vou 
Vv =1.5V 
: ——0V 
S1 OPEN $1 AND S2 
$2 CLOSED CLOSED 


Figure 8. Test Circuit for tpyz, tpzy, tpiz, 
and tpz,_ 









10% DUTY 
CYCLE 






OUTPUT Vo 
MONITORING 





— THE PROBE AND JIG CAPACITANCES ARE 
INCLUDED IN C, AND C2 


CR _[ 2.15 KR] 11KO] OID 
Pig OMT | 1.6mA | 3mA [5 mA| 


ALL DIODES ARE 1N916 OR 1N3064 
Ip (ON) 


INPUT Ig # ——--—-—- — ip (ON) 
- tPLH tPHL ‘| ome 


OUTPUT 
Vo 





Figure 6. Test Circuit for tp; }4, tp, t,, 
and t; 








tp — ENABLE PROPAGATION DELAY — ns 








Ta — TEMPERATURE — °C 


Figure 9. Typical Logic Low Enable 
Propagation Delay vs. Temperature 
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Vcc | 
j 
| 


tp — PROPAGATION DELAY — ns 


250 


C1 (120 pF) PEAKING CAPACITOR 
1S USED. SEE FIGURE 6. 


200 


150 


100 





-60 -40 -20 0 20 40 60 80 100 


Ta — TEMPERATURE — °C 


Figure 7. Typical Propagation Delays vs. 
Temperature 


tp — ENABLE PROPAGATION DELAY — ns 


200 


150 


100 








or 
=) 








Ta — TEMPERATURE — °C 


Figure 10. Typical Logic High Enable 
Propagation Delay vs. Temperature 

















2 
I 
Wu 
= 
Fe 
J) 
a) 
<{ 
10m 
ze 
2 
x 
| 
0) 
-60 -40 -20 0 20 40 60 80 100 
Ta — TEMPERATURE — °C 
Figure 11. Typical Rise, Fall Time vs. 
Temperature 





















OUTPUT Vo 
MONITORING 
NODE 


—- — 50V 


Vem 


OV 
SWITCH AT A: Ip = 1.6 mA 


Vou ——" N/a 
f_.__Vo (min)* 


OUTPUT SWITCH AT B: Iz =O mA 


Vo {\~ Vo (max)* {Nn 


*SEE NOTE 6 


VoL 


Figure 12. Test Circuit for Common Mode 
Transient Immunity and Typical 
Waveforms 





















Vv (45 Sov) 
cc .0 to 
Vv Vcc 
(+5V) o (BV) (+5V) 
120 pF (OPTIONAL) 
120 pF (OPTIONAL) 
TT] HCPL vec [8] TPHCPL Veg [8] 
OUTPUT 2200 2200 
DATA DATA 
INPUT INPUT 
DATA 
INPUT 
TOTEM OPEN 
EOEE a TAK \V p11 (11N4150) REQUIRED FOR COLLECTOR 
OUTPUT Bad : ACTIVE PULL-UP DRIVER GATE 
GATE 10V 2.37K 
15V-3.83K 
20V.-5.11K 
Figure 13. LSTTL to CMOS Interface Circuit Figure 14. Recommended LED Figure 15. Series LED Drive with 
Drive Circuit Open Collector Gate (4.7 kO = 
Resistor Shunts [,, from the LED) a 
The 120 pF capacitor may be omitted in applications where 500 ns propagation delay is sufficient. a 
Co) . 
Notes: trailing edge of the output pulse. F 
vo) 


1. 


Derate total package power dissipation, P, linearly above 70°C free air 
temperature at a rate of 4.5 mW/°C. 

Duration of output short circuit time should not exceed 10 ms. 

Device considered a two terminal device: pins 1, 2, 3 and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 

The teLH propagation delay is measured from the 50% point on the 
leading edge of the input pulse to the 1.3V point on the leading edge of 
the output pulse. The tpHL propagation delay is measured from the 50% 
point on the trailing edge of the input pulse to the 1.3V point on the 


5. When the peaking capacitor is omitted, propagation delay times may 
increase by 100 ns. 

6. CM_t is the maximum rate of rise of the common mode voltage that can 
be sustained with the output voltage in the logic low state (Vo < 0.8V). 
CMu is the maximum rate of fall of the common mode voltage that can 
be sustained with the output voltage in the logic high state (Vo > 2.0V). 

7. Use of a 0.1 uF bypass capacitor connected between pins 5 and 8 is 
recommended. 
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VERY 


HEWLETT 
PACKARD 





SCHEMATIC 


HCPL-2202/12 


HPCL-2201/11 





Features 


A 


VERY HIGH COMMON MODE REJECTION, 
5 kV/us AT 300 V GUARANTEED (HCPL-2211/12) 


WIDE Vcc RANGE (4.5 TO 20 VOLTS) 


300 ns PROPAGATION DELAY GUARANTEED 
OVER THE FULL TEMPERATURE RANGE 


5 MBd TYPICAL SIGNAL RATE 
LOW INPUT CURRENT (1.6 mA) 


TOTEM POLE OUTPUT (NO PULLUP 
RESISTOR REQUIRED) 


GUARANTEED PERFORMANCE FROM 
-40°C TO +85°C 


RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 


VDE 0883 APPROVAL PENDING 


pplications 


ISOLATION OF HIGH SPEED LOGIC SYSTEMS 
COMPUTER-PERIPHERAL INTERFACES 
MICROPROCESSOR SYSTEM INTERFACES 
GROUND LOOP ELIMINATION 

PULSE TRANSFORMER REPLACEMENT 

HIGH SPEED LINE RECEIVER 


HCPL-2201 
HCPL-2202 
HCPL-2211 
HCPL-2212 


HIGH CMR, WIDE Vcc 
LOGIC GATE 
OPTOCOUPLER 


OUTLINE DRAWING 


j<— 2.40 (.370) | 
9.90 (.390) 


DAMA 


DATE CODE 












ieee es (.070) MAX. 
f<e—- 1.19 (047) MAX. 


TRUTH TABLE 
(POSITIVE LOGIC) 


\ 4.70 (.185) MAX. 











| t 0.51 (.020) OUTPUT 
MIN 
| . A 
| | | 2.92 (.115) MIN. L 
0.76 (030) 1 || + 0.65 (.025) MAX. 
1.40 (.055) __ 2.28 (.090) 
2.80 (.110) DIMENSIONS IN MILLIMETRES AND (INCHES). 
Description 


The HCPL-2201/02/11/12 are single-channel, optically- 
coupled logic gates. The detectors have totem pole output 
stages and optical receiver input stages with built-in Schmitt 
triggers to provide logic-compatible waveforms, eliminating 
the need for additional waveshaping. 

A superior internal shield on the HCPL-2211/12 guarantees 
common mode transient immunity of 5,000 V/us at a 
common mode voltage of 300 volts. 

The electrical and switching characteristics of the HCPL- 
2201/02/11/12 are guaranteed from -40°C to +85°C and a 
Voc from 4.5 volts to 20 volts. Low Ip and wide Vcc range 
allow compatibility with TTL, LSTTL, and CMOS logic and 
result in lower power consumption compared to other high 
speed couplers. Logic signals are transmitted with a typical 
propagation delay of 150 ns. 


Recommended Operating 
Conditions 


Parameter | Symbot| Min [Max.| Units 
Forward Input Current 5 mA 
Ve(orr) | — | 0.8 | Volts 
Operating Temperature °C 
Fan Out | oN | | 4 {TTL Loads 


*The initial switching threshold is 1.6 mA or less. It is recom- 
mended that 2.2 mA be used to permit at least a 20% CTR degra- 
dation guardband. 






Forward Input Voltage 
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Recommended Circuit Design 


Vcc2 
(+5V) 


DATA 
OUTPUT 








120 pF 
HCPL-2201/11 


UP TO 16 LSTTL 
LOADS 


of 
? 
Pad 
? 





punckwns 


AY 





SEE NOTE 6. *0.1 uF BYPASS 


Figure 1. Recommended LSTTL to LSTTL Circuit 


Electrical Specifications 


Absolute Maximum Ratings 


(No Derating Required up to 70°C) 

Storage Temperature ...............000- -55°C to +125°C 

Operating Temperature .................. -~40°C to +85°C 

Lead Solder Temperature ................. 260°C for 10s 
(1.6mm below seating plane) 


~40°C = Ty S$ 85°C, 45V < Voc S$ 20V, 1.6MA S IF (ony S SMA, OV < Ve corr) S 0.8V, unless otherwise specified. 


All Typicals at Ta = 25°C. See Note 7. 













Parameter 


Symbol 


Logic Low Output Voltage 





Logic High Output Voltage 


Output Leakage Current 
(Vout > Vec) 





Logic Low Supply Current 








Logic High Supply Current 


Poa 
No] 





Logic Low Short Circuit 


OV alo 
o1}o;o oO1|oO 
> 








Output Current 


2) ) 

ae — 
NO 4 
oO; 


Logic High Short Circuit -10 
Output Current ~90 
| Input Forward Voltage : Ve | 1.5 
| i i 
Input Reverse Breakdown BVp 5 
Voltage 
Input Diode Temperature AVe 
Coefficient ATa 





2500 


Input-Output Insulation 


Viso 
Input-Output Resistance 


Input-Output Capacitance 


O;D 
oO |0 
— 
() 
x) 


co) 
Oo 


Input Capacitance Cin 


MN eae 
NR | Ww] N 


Min. | Typ. | Max. | Units Test Conditions 


0.5 Volts 


=) 


;| 
Cc 2 
(63) 


—k 
NN 


Average Forward Input Current—Ip............... 10mA 
Peak Transient Input Current—Ip.................00. 1A 

(<1 us Pulse Width, 300 pps) 
Reverse Input Voltage ......... 0... cece ee ee eee 5V 
Supply Voltage — Voc... .. eee ee eee ee 0.0V min., 20V max. 
Output Voltage —Vop...........008. -0.5V min., 20V max. 
Total Package Power Dissipation—P........... 210 mW!1) 
Average Output Current—lo oo... cece eee ee ee 25mA 

Figure | Note 


lo, = 6.4mA (4 TTL Loads) 2,4 


lou = -2.6mA a 
= Vec=4.5V |3,4,8 


lou = -0.4mA 
Vo =5.5V 
Vo = 20V 
Voc = 5.5V 
oe Ve=0V 
Voc = 20V 
jesmk 
vec 
Voc = 20V_ 
; Ta = 25°C | 
Volts | lF=SmA 
IR =10pA 


Voc =55V 
t= 1 min., Ta = 25°C 


S 


pA 





A 


> 


wn 


Voc =20V 
Vo = Vec =5.5V 
Vo = Voc = 20V 


2 





2 


>!|>|>l|> > 


> 





Volts 


O 


mv/° 









Vams | RH Ss 50%; 
ohms | Vi-_¢ = 500 VDC 


| pF | f= 1MHz, Vio = OVDC 


5 
3 
Lo 
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pF {f= 1MHz, Ve = OV, Pins 2 and 3 


nn 
c 
ul 
ond 
2. 
= 
8 
5 
oO 





Switching Specifications -s0:c <%< 88°C, 45V<Voc< 20V, 1.6mA<Ie(on) <5MA, 


OVS VE (OFF) <= 0.8V. All Typicals at Ta = 25°C, Voc = 5V, IF (ON) = 8 mA unless otherwise specified. 


Test Conditions 


Without Peaking Capacitor 
With Peaking Capacitor 


Without Peaking Capacitor 


Parameter 


HCPL-2201 
Logic High Common Mode HCPL-2202 


Transient Immunity JOM | HCPL-2211 
Logic Low Common Mode HCPL-2202 
Transient Immunity |CM | HCPL-2211 


Parameter | Conditions 
Min. External Air Gap (Clearance) . L (t0O1) = | omm | Measured from input terminals to output terminals 
Min. External Tracking Path (Creepage) L (102) 2 } mm | Measured from input terminals to output terminals 


Min. Internal Plastic Gap (Clearance) — Through insulation distance conductor to conductor 


Tracking Resistance DIN IEC 112/VDE 0303 Part 1 
Isolation Group (per DIN VDE 0109) ee, ol aa Material Group DIN VDE 0109 








Vo_ -LOW LEVEL OUTPUT VOLTAGE — Vv 
low — HIGH LEVEL OUTPUT CURRENT ~ mA 
Vo — OUTPUT VOLTAGE — Vv 





Ta— TEMPERATURE —°C Ta - TEMPERATURE — °C Ip — INPUT CURRENT — mA 
Figure 2. Typical Logic Low Output Figure 3. Typical Logic High Output Figure 4. Output Voltage vs. Forward 


Voltage vs. Temperature . Current vs. Temperature Input Current 
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Ip — FORWARD CURRENT — mA 


Figure 5. Typical Input Diode Forward 


Vou — HIGH LEVEL OUTPUT VOLTAGE — V 


Figure 8. Typical Logic High Output Voltage 

















1.20 1.30 1.40 1.50 


Ve — FORWARD VOLTAGE — VOLTS 


Characteristic 


TYPICAL 
Vou vs. Vec 
AT lo = -2.6 mA 





Vec — SUPPLY VOLTAGE — V 


vs. Supply Voltage 











PULSE 
GENERATOR 
tk =tr =5ns 
f = 100 kHz 
10% DUTY 
CYCLE 
Vo=5V 


Vcc 

















OUTPUT Vo 
MONITORING 


HCPL 2201/11 


INPUT 
MONITORING 
NODE _ \2D2 


— THE PROBE AND JIG CAPACITANCES 
ARE INCLUDED IN C, AND Co. 


(“ar [ate Ka] TO KG] ear a | 
Pigow [16ma[ 3ma | Sma _ 


ALL DIODES ARE 1N916 OR 1N3064 


OUTPUT 

Vo 

*0.1 uF BYPASS 
SEE NOTE 6. 





Figure 6. Circuit for tp_}, tpHL, try, tf 


100 


80 


60 


40 


tr,t¢ — RISE, FALL TIME — ns 


20 


Ta ~ TEMPERATURE — °C 


Figure 9. Typical Rise, Fall Time vs. 
Temperature 
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250 


Veco = 5V 
C1(120pF)PEAKING CAPACITOR 
IS USED. SEE FIGURE 6. 


tp — PROPAGATION DELAY — ns 





~60 -40 -20 0 20 40 60 80 100 


Ta — TEMPERATURE — °C 


Figure 7. Typical Propagation Delays vs. 
Temperature 





OUTPUT Vo 
MONITORING 
E NODE 


— Vey PEAK 


SWITCH AT A: I> = 1.6 mA 


f__.Vg (min)* 


OUTPUT = SWITCH ATB: Ve = 0 V 


Vo {\ Vo (max)* /\ 


Vo 
*SEE NOTE 5,6 


: 
: 
& 





Figure 10. Test Circuit for Common Mode 


Transient Immunity and Typical 
Waveforms 


INPUT CURRENT THRESHOLDS (mA) 





Ta — TEMPERATURE — °C 


Figure 11. Typical Input Threshold Current vs. 
Temperature 





Vec1 
(+5V) 
HCPL-2201/11 
DATA 
INPUT 
D IRE 
SEE NOTE6. 1 (1N4150) REQU D FOR 


ACTIVE PULL-UP DRIVER 


Figure 13. Alternative LED Drive Circuit 


Notes: 


1. 


2. 
3. 


Derate total package power dissipation, P, linearly above 70°C 
free air temperature at a rate of 4.5 mW/°C. 

Duration of output short circuit time should not exceed 10 ms. 
Device considered a two terminal device: pins 1, 2, 3 and 4 
shorted together, and pins 5, 6, 7 and 8 shorted together. 


. The tpty propagation delay is measured from the 50% point 


on the leading edge of the input pulse to the 1.3 V point on the 
leading edge of the output pulse. The tpy, propagation delay 


is measured from the 50% point on the trailing edge of the 


input pulse to the 1.3 V point on the trailing edge of the output 
pulse. 
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Vece2 
120pF (4.5 to 20V) 
() 





DATA 
INPUT 


TOTEM 

POLE 

OUTPUT 

GATE *0.1 uF BYPASS 
15V 3.83K 2 

SEE NOTE 6. 20V 5.11K Q 


Figure 12. LSTTL to CMOS Interface Circuit 







120 pF 
HCPL-2201/11 


DATA 
INPUT 


OPEN 
COLLECTOR 
GATE 


SEE NOTE 6. 


Figure 14. Series LED Drive with Open Collector Gate 
(4.7 kO. Resistor Shunts Igy from the LED) 


. CM, is the maximum slew rate of the common mode voltage 


that can be sustained with the output voltage in the logic low 
state. Vo < 0.8V. CMy is the maximum slew rate of the 
common mode voltage that can be sustained with the output 
voltage in the logic high state Vo > 2.0 V. 


. For HCPL-2202/1 2, Vo is on pin 6. 
. Use of a 0.1 uF bypass capacitor connected between pins 5 


and 8 is recommended. 


HEWLETT 
PACKARD 


G 








SCHEMATIC 


TRUTH TABLE 
(POSITIVE LOGIC) 


OUTPUT 
ON H 
OFF L 


Features 


e VERY HIGH COMMON MODE REJECTION 
5 kV/us AT 300 V GUARANTEED (HCPL-2232) 


© WIDE Voc RANGE (4.5 TO 20 VOLTS) 


e 300 ns PROPAGATION DELAY GUARANTEED 
OVER THE FULL TEMPERATURE RANGE 


e 5 MBd TYPICAL SIGNAL RATE 
e LOW INPUT CURRENT (1.8 mA) 


e TOTEM POLE OUTPUT (NO PULLUP 
RESISTOR REQUIRED) 


e GUARANTEED PERFORMANCE FROM 
-40°C TO +85°C 


e RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 


e VDE 0883 APPROVAL AVAILABLE 


e MIL-STD-1772 VERSION AVAILABLE 
(HCPL-5230/1) 


Applications 

e ISOLATION OF HIGH SPEED LOGIC SYSTEMS 
e COMPUTER-PERIPHERAL INTERFACES 

e MICROPROCESSOR SYSTEM INTERFACES 

e¢ GROUND LOOP ELIMINATION 

e PULSE TRANSFORMER REPLACEMENT 

e HIGH SPEED LINE RECEIVER 
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VERY HIGH CMR, WIDE Vcc 


DUAL LOGIC GATE 
OPTOCOUPLER 





OUTLINE DRAWING 
ee (.370) 
9.90 (.390) 











| 4.70 (.185) MAX. 
CATHODE 1 


a 0.51 (.020) 
MIN. CATHODE 2 


2.92 (.115) MIN. 
0.76 (.030) —*|||— 0.65 (.025) MAX. 


er 2.28 (.090) 
1.40 (.055) Pere aes er 





DIMENSIONS IN MILLIMETRES AND (INCHES). 


Description 


The HCPL-2231/2 are dual-channel, optically-coupled logic 
gates. The detectors have totem pole output stages and 
optical receiver input stages with built-in Schmitt triggers 
to provide logic compatible waveforms, eliminating the 
need for additional waveshaping. 


A superior internal shield on the HCPL-2232 guarantees 
common mode transient immunity of 5,000 V/us at a com- 
mon mode voltage of 300 volts. 

The electrical and switching characteristics of the HCPL- 
2231/2 are guaranteed from -40°C to +85°C and a Vcc from 
4.5 volts to 20 volts. Low I_ and wide Vcc range allow 
compatibility with TTL, LSTTL, and CMOS logic and result 
in lower power consumption compared to other high speed 
couplers. Logic signals are transmitted with a typical propaga- 
tion delay of 150 ns. 


Recommended Operating 
Conditions 
| Symbo! | 


Parameter | Min. | 
Poo [45 


Input Current (High) 
( 


Input Voltage (Low) OFF 


Fan Out per Channel 





Voc 

IF (ON) 
Operating Temperature 
ON 


*The initial switching threshold is 1.8 mA or less. It is recom- 
mended that 2.5 mA be used to permit at least a 20% CTR degra- 
dation guardband. . 


HCPL-2231 
HCPL-2232 





2) 
fo 
WwW 
od 
a. 
— 
3 
im 
Oo 


Recommended Circuit Design Absolute Maximum Ratings 



















Vec2 Storage Temperature ....... he ROG gees -55°C to +125°C 
CHANNEL ONE SHOWN aba Operating Temperature .................. -40°C to +85°C 
eae a. rane Lead Solder Temperature ..............05. 260°C for 10s 
(1.6mm below seating plane) 
died ca V4 ewer Average Forward Input Current—le............. 10 MAI] 
4 t a UP TO 16 LSTTL Peak Transient Input Current—Ie....... 6. eee eee 1 Al] 

LOA ‘ 
| POR nae ines (<1 ws Pulse Width, 300 pps) 
t+ o> -O PER Reverse Input Voltage ............. ccc cece eee ene 5 V1) 

are 1 te CHANNEL S = , 
ie upply Voltage —Voc....... eee eee 0.0V min., 20V max. 
7 1 Ps : Output Voltage —Vo............. -0.5V min., 20 V max.[1] 
TOTEM Vee Total Package Power Dissipation................. 294 mW 
ae : Output Power Dissipation — Po per Channel ........ Fig. 8 

GATE 


ae Average Output Current —lo per Channel ......... 25 mA 
*0.1 uF BYPASS 


Figure 1. Recommended LSTTL to LSTTL Circuit 


Electrical Specifications 


-40°C <= Ta S 85°C, 4.5V < Voc S 20V, 1.8MA ¥ IE (on) <5mA, 0V< Ve (ofr) S$ 0.8 V, unless otherwise specified. 
All Typicals at Ta = 25°C. See note 7. 


Parameter | Typ. | Max. Test Conditions . } Figure | 
Logic Low Output Voltage VoL 


Logic High Output Voltage Oe SOM eM yu Gaol A 


Output Leakage Current ings 
(Vout > Vcc) 
Logic Low Supply Current Teer 


OH = -0.4 mA 


eer tr 


< <= 
= re) re) 
” ” 


| | 100 | Vo = 5.5 V dp=5mA 
500 . | Vo = 20V Voc = 4.5V 


Veco =5.5V 
epee | 


mM 
ND 


Sd lean ™ 
| © i 


Logic High Supply Current 





Logic Low Short Circuit 


a 
Output Current eek 


om < : 
T = 






N | at 
ro yTo 


= 
oO 


Logic High Short Circuit 
Output Current 


Input Forward Voltage Ve 

Input Reverse Breakdown BV 
R 

Voltage _ 


| AVE 
Input Diode Temperature cs 47 mV/°C| Ip =5mA | 
Coefficient ATa 


Input-Output Insulation Viso 2500 Vams | RH $ 50%, t = 1 min., Ta = 25°C 


Input-Output Resistance Vi-o = 500 VDC oo 
Input-Output Capacitance eC f = 1 MHz, Vio = OVDC 
Input Capacitance Cin 


Input-Input Insulation A Relative Humidity = 45% 
Leakage Current - t= 5s, V)., = 500 V 
Resistance (Input-Input) i Vi-l 


~losH 


I 
N 
oO 





5 —k. 
G —_ —_ 
NO 


Rey 


| pF | f=1MHz 


Capacitance (Input-Input) 


O 


Q 
is Oo 


© 
=) 
~) 
an 





Switching Specifications -s0°c < m< 85°C, 4.5 V< Veo < 20V, 1.8 MAK<I¢ (on) <5 MA, 


OV < Ve (ofr) < 0.8 V. All Typicals at Ta = 25°C, Voc = 5 V, IF (ony = 3 mA unless otherwise specified. 


Parameter 3 | Units | Test Conditions 
Logic Low Output Level With Peaking Capacitor 


Propagation Delay Time to Without Peaking Capacitor 
Logic High Output Level With Peaking Capacitor 


: Ee 
Sup Rise Time (0-908) | 4 oe 
: am 





Output Fall Time (90-10%) 
= 


| Logic High Common Mode 
Transient immunity 


Symbol 












HCPL-2231 | 1,000 IVem |= 50 V 
|CMy| 
HCPL-2232 | 5,000 IVem| = 300 V| Ta = 25° 


HCPL-2231 | 1,00 IVem|=50V | VF=OV 
|CM, | Voc =5V 
HCPL-2232 | 5,00 iVom| = 300 V| Ta = 25°C 


Insulation Related Specifications 
Parameter | Symbol | Value | Units | Conditions 


Min. External Air Gap (Clearance) L(1O1) mm Measured from input terminals to output terminals 
mm Measured from input terminals to output terminals 





(oo) 


Logic Low Common Mode 
Transient Immunity 


Oo 








Min. Internal Plastic Gap (Clearance) 0.08 


Tracking Resistance E. dent: | 475] Volts | DIN IEC 112/VDE 0303 Part 1 
Isolation Group (per DIN VDE 0109) pf Ma Material Group DIN VDE 0109 


a 
Min. External Tracking Path (Creepage) L(102) 
Through insulation distance conductor to conductor 
175 











1 0 
qt 
oe ee : 
vie ie) es ce  * 
al 
oe oe ae oe ‘ 
F oc —2 | 
: an 
> 
igre coe ee ee es p <a : 
ee aN : 
é a a ae : na 2 
> > oF a) 
2 oo} fC Res TT 
: [aecle ie dt z : 
S 02 Y (ial $ 
= 
Uy hte lee Meal niece : hen 
ee ee » Sa Ree ees 
0 -8 
-~60 -40 -—20 0 20 «640 60 80 100 -60 -40 -20 0 20 40 #460 80 100 
Ta — TEMPERATURE —°C Ta — TEMPERATURE — °C lp — INPUT CURRENT — mA 
Figure 2. Typical Logic Low Output Figure 3. Typical Logic High Output Figure 4. Output Voltage vs. Forward 
Voltage vs. Temperature Current vs. Temperature Input Current 
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OPTOCOUPLERS © 





lp — FORWARD CURRENT — mA 


100 


0.1 


0.01 


0.001 


Figure 5. Typical Input Diode Forward 


Po — MAXIMUM OUTPUT POWER 
PER CHANNEL (mW) 


Figure 8. Maximum Output Power per 
Channel vs. Supply Voltage 

















1.10 1.20 1.30 1.40 1.50 


Ve — FORWARD VOLTAGE — VOLTS 


Characteristic 


Vec — SUPPLY VOLTAGE — V 





Vo 






Vec 
10% DUTY 
CYCLE 
Vo =5V 










OUTPUT Vo 
MONITORING 


INPUT 
MONITORING 
NODE 


—— THE PROBE AND JIG CAPACITANCES ARE 
INCLUDED IN C, AND C2 


[Ry 11.96 K2 11.10 Ka] 6810 _| 
[ie (ON) 1.8mA | 3mA | 5mA | 


ALL DIODES ARE 1N916 OR 1N3064 


INPUT tf 


OUTPUT 





Note: Channel one shown. 


Figure 6. Circuit for tp_H, tpH. tr, te 


TYPICAL 
Vou vs. Vcc 
AT lo = -2.6 mA 


Von — HIGH LEVEL OUTPUT VOLTAGE — V 


Vec — SUPPLY VOLTAGE — V 


Figure 9. Typical Logic High Output 
Voltage vs. Supply Voltage 
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250 


C1 (120 pF) PEAKING CAPACITOR 
1S USED. SEE FIGURE 6. 


200 


150 


100 


tp — PROPAGATION DELAY — ns 





Ta — TEMPERATURE — °C 


Figure 7. Typical Propagation Delays vs. 
Temperature 


100 


80 





60 






anon 

Et. 

ELL el 
Ee eee 


0 
-60 -40 -20 0 20 40 60 80 = 100 


40 


tr, tf — RISE, FALL TIME — ns 


20 






Ta — TEMPERATURE — °C 


Figure 10. Typical Rise, Fall Time vs. 
Temperature 






OUTPUT Vo 
MONITORING 
NODE 

O 






Vec2 
(4.5 to 20V) 
O 














2a Ver PEAK 


Vcom 
OV 





SWITCH AT A: Ip = 1.8mA 


TOTEM 
POLE 
OUTPUT 








INPUT CURRENT THRESHOLDS (mA) 


Vou pO INS ae ey 
f__. Vo (min)* 















GATE 







Vec2 
5V 1.1K Q 








OUTPUT 10V -2.37K Q 
SWITCH AT B: Ve = OV 
Vo .- = Vo tinal 0.5 a Sik rs 
/ \ / \ -60 -40 -20 0 20 40 60 80 =100 ° 
VoL 
*SEE NOTE 5 Ta — TEMPERATURE - ‘C NOTE: CHANNEL ONE SHOWN 
NOTE: CHANNEL ONE SHOWN 
Figure 11. Test Circuit for Common Figure 12. Typical Input Threshold Figure 13. LSTTL to CMOS Interface Circuit 
Mode Transient Immunity Current vs. Temperature 
and Typical Waveforms 
Vec 
Vec 
eey) (45V) 
DATA 
DATA 
INPUT INPUT 





D1 (1N4150) REQUIRED FOR 
ACTIVE PULL-UP DRIVER 


NOTE: CHANNEL ONE SHOWN 


Figure 14. Alternate LED Drive Circuit 


Notes: 

1. Each channel. 

2. Duration of output short circuit time should not exceed 10 ms. 

3. Device considered a two terminal device: pins 1, 2, 3 and 4 
shorted together, and pins 5, 6, 7 and 8 shorted together. 

4. The tp_y propagation delay is measured from the 50% point 
on the leading edge of the input pulse to the 1.3 V point on the 
leading edge of the output pulse. The tpy; propagation delay 
is measured from the 50% point on the trailing edge of the 
input pulse to the 1.3V point on the trailing edge of the output 
pulse. 








OPEN 
COLLECTOR 
GATE 


NOTE: CHANNEL ONE SHOWN 


Figure 15. Series LED Drive with Open Collector Gate 
(4.7 kO Resistor Shunts |p, from the LED) 


& 
= 
3 
38 
E 
o 





5. CM, is the maximum slew rate of the common mode voltage 
that can be sustained with the output voltage in the logic low 
state. Vo < 0.8V. CMy is the maximum slew rate of the 
common mode voltage that can be sustained with the output 
voltage in the logic high state Vg > 2.0 V. 

6. Measured between pins 1 and 2, shorted together, and pins 3 
and 4, shorted together. 


7. Use of a 0.1 uF bypass capacitor connected between pins 5 and 
8 ts recommended. 
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HEWLETT 
PACKARD 


¢ 


SHIELD 
A 0.1 uF BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 


PINS 8 AND 5, (SEE NOTE 1). TRUTH TABLE 


(POSITIVE LOGIC) 


ON 


OFF H 








Figure 1. 


Schematic 


Features 


GUARANTEED LOW THRESHOLDS: If = 0.5 mA, Ve < 
1.5V 


HIGH SPEED: GUARANTEED 5 MBd OVER 
TEMPERATURE 


VERSATILE: COMPATIBLE WITH TTL, LSTTL AND 
CMOS 


MORE EFFICIENT 820 nm AlGaAs LED 


INTERNAL SHIELD FOR GUARANTEED COMMON 
MODE REJECTION 


SCHOTTKY CLAMPED, OPEN COLLECTOR OUTPUT 
WITH OPTIONAL INTEGRATED PULL-UP RESISTOR 


STATIC AND DYNAMIC PERFORMANCE 
GUARANTEED FROM -40°C TO 85°C 


SPECIAL SELECTION FOR LOW FORWARD 
CURRENT APPLICATIONS (If > 150 uA) 


RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST VOLTAGES 
OF 2500 Vac, 1 MINUTE 


VDE 0883 APPROVAL AVAILABLE 


Applications 

GROUND LOOP ELIMINATION 
COMPUTER-PERIPHERAL INTERFACES 

LEVEL SHIFTING 

MICROPROCESSOR SYSTEM INTERFACES 
DIGITAL ISOLATION FOR A/D, D/A CONVERSION 
RS-232-C INTERFACE 


HIGH SPEED, LONG DISTANCE ISOLATED LINE 
RECEIVER 


0.76 (0.030) 
1.40 (0.055) 









#— 1.19 (0.047) MAX. 
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Description 


The HCPL-2300 optocoupler combines an 820 nm AlGaAs 
photon emitting diode with an integrated high gain photon 
detector. This combination of Hewlett-Packard designed 
and manufactured semiconductor devices brings new high 
performance capabilities to designers of isolated logic and 
data communication circuits. 


The new low current, high speed AlGaAs emitter manufac- 
tured with a unique diffused junction, has the virtue of fast 
rise and fall times at low drive currents. Figure 6 illustrates 
the propagation delay vs. input current characteristic. These 
unique characteristics enable this device to be used in an 
RS-232-C interface with ground loop isolation and improved 
common mode rejection. As a line receiver, the HCPL- 
2300 will operate over longer line lengths for a given data 
rate because of lower Ir and Ve specifications. 


The output of the shielded integrated detector circuit is an 
open collector Schottky clamped transistor. The shield, 
which shunts capacitively coupled common mode noise to 
ground, provides a guaranteed transient immunity specifi- 
cation of 100 V/us. The output circuit includes an optional 
integrated 1000 Ohm pull-up resistor for the open collec- 
tor. This gives designers the flexibility to use the internal 
resistor for pull-up to five volt logic or to use an external 
resistor for 18 volt CMOS logic. 


The Electrical and Switching Characteristics of the HCPL- 
2300 are guaranteed over a temperature range of -40°C to 
85°C. This enables the user to confidently design a circuit 
which will operate under a broad range of operating 
conditions. 


Recommended Operating 
Conditions 


Input Current | 0°C to 85°C 


High Level -40°C to 85°C 


lp — FORWARD CURRENT — mA 


Supply Voltage, Output 
Fan Out (TTL Load) 
Operating Temperature 














1.1 1.2 1.3 1.4 


Ve — FORWARD VOLTAGE — VOLTS 


Figure 2. Typical input Diode Forward Characteristic. 


Absolute Maximum Ratings 


(No derating required) 


Storage Temperature ‘li 
|_Operating Temperature | 
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Electrical Specifications 


For -40°C < Tp < 85°C, 4.75 V < Voc < 5.25 V, VeL < 0.8 V, unless otherwise specified. 


All typicals at Ta = 25°C, Voc = 5 V, unless otherwise specified. See note 1. 
















Z 
ies 
Ww. 
all 
a 
—_ 
8 
6 







High Level Output Current | lon 
V lr =O0.5 mA 
; lo. (Sinking) = 8 mA 


Low Level Output Voltage 


High Level Supply Current 
Low Level Supply Current lp = 1.0 mA, Voc = 5.25 V 


1.5 Ta = 25°C 
1.65 Volts 
mvV/°C | Ilr = 1.0 mA 
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Input Diode Temperature AV 
Coefficient AT 
Input Reverse Breakdown BV 
Voltage 


Input-Output Insulation 
Resistance (Input-Output) 


Capacitance (Input-Output) 


H 
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Input Forward Voltage F 
A 
N 





Internal Pull-up Resistor 
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Switching Specifications 

For -40°C <= Ta < 85°C, 0.5 mA S IFH $0.75 mA; | | | 

For 0°C< TA < 85°C, 0.5 MA < IFHS 1.0 mA; With 4.75 V < Vcc S 5.25 V, VFL < 0.8 V, unless otherwise specified. 
All typicals at Ta = 25°C, Vcc = 5 V, IFH = 0.625 mA, unless otherwise specified. 


[r=0erF id 
cp=opr —*| 6.6.8 


Cp = 20 pF . 
Output Fall Time (90-10%) 


Common Mode | CMu| Vom = 50 V (peak), 
Transient Immunity . Vo (min.) = 2 V, 
at High Output Level Ri. = 5600, lr =O mA 
Common Mode Vom = 50 V (peak), 


Transient Immunity Vo (max.) = 0.8 V, 
at Low Output Level Ri_ = 5600, Ilr =0.5 mA 










Conditions . 


Min. External Air Gap (Clearance) | 27 | mm | Measured from input terminals to output terminals 
Min. External Tracking Path (Creepage) L(lO2) | 27 | mm | Measured from input terminals to output terminals 











Through insulation distance conductor to conductor 


Tracking Resistance CTI DIN IEC 112/VDE 0303 Part 1 
Isolation Group (per DIN VDE 0109) oa oa Material Group DIN VDE 0109 



























<x 

p 
nn 
> dl 100 i 
ws a z 
o) 2 i 
< o m 
- K- 10.0 a 
= 2 2 
g ay | 8 
2 : fii 3 
= 5 10 Uf 2 
s E| | mM : 
3 g YL i 
14] | 
Ss S 0 yf Wj : = 

| 

= 

: a Fi | 
0.01 —— 
-60 -40 -20 0 20 40 60 80 100 
is — FORWARD INPUT CURRENT — uA | Ta ~— TEMPERATURE — °C Ta — TEMPERATURE — °C 
. fans | —=0.5 mA TO 1.0 mA, Cp = 20 pF 
Figure 3. Typical Output Voltage vs. Figure 4. Typical Logic High Output audi = =0.5 mA TO 0.75 mA, Cp = 20 pF 
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F ===1.0 mA, Cp = 0 pF 


Figure 5. Typical Propagation Delay vs. 
Temperature and Forward 
Current With and Without 
Application of a Peaking 
Capacitor. 
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GENERATOR 59k 3.48 kQ 
t, = ts =5 ns 
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Figure 8. Test Circuit for tpy,, tpip, tp and ty. 
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Figure 9. Typical Common Mode Transient Immunity vs. 
Common Mode Transient Amplitude. 


— — — 50V 
V, / \ / 
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SWITCH AT A: Vp = 0 V 
5V cM, 


— — — — Vg (MIN.)* 
SWITCH AT B: Ip = 0.5 mA 


— — Vo (MAX.)* 
V ee Ne ee 
° O5V CML 


Vo 


*SEE NOTES 6, 7. 


Figure 10. Test Circuit for Common Mode Transient Immunity and Typical Waveforms. 


Applications 

The HCPL-2300 optocoupler has the unique combination 
of low 0.5 mA LED operating drive current at a 5 MBd 
speed performance. Low power supply current require- 
ment of 10 mA maximum and the ability to provide 
isolation between logic systems fulfills numerous applica- 
tions ranging from logic level translations, line receiver 
and party line receiver applications, microprocessor 1/O 
port isolation, etc. The open collector output allows for 
wired-OR arrangement. Specific interface circuits are illus- 
trated in Figures 11 through 18 with corresponding com- 
ponent values, performance data and recommended layout. 


For -40°C to 85°C operating temperature range, a mid 
range LED forward current (IF) of 0.625 mA is recom- 
mended in order to prevent overdriving the integrated 
circuit detector due to increased LED efficiency at 
temperatures between O°C and -40°C. For narrower 
temperature range of 0°C to 85°C, a suggested operating 
LED current of 0.75 mA is recommended for the mid range 
operating point and for minimal propagation delay skew. A 
peaking capacitance of 20 pF in parallel with the current 
limiting resistor for the LED shortens tepHL by approxi- 
mately 33% and tpLH by 13%. Maintaining LED forward 
voltage (VF) below 0.8 V will guarantee that the HCPL-2300 
output is off. 


The recommended shunt drive technique for TTL/LSTTL/ 
CMOS of Figure 11 provides for optimal speed perform- 
ance, no leakage current path through the LED, and re- 
duced comimon mode influences associated with series 
switching of a “floating” LED. Alternate series drive tech- 
niques with either an active CMOS inverter or an open col- 


lector TTL/LSTTL inverter are illustrated in Figures 12 and 
13 respectively. Open collector leakage current of 250 uA 
has been compensated by the 3.16K Ohms resistor (Figure 


13) at the expense of twice the operating forward current. 


An application of the HCPL-2300 as an unbalanced line 
receiver for use in long line twisted wire pair communica- 
tion links is shown in Figure-14. Low LED Ie and V¢ allow 
longer line length, higher speed and multiple stations on 
the line in comparison to higher If, Ve optocouplers. 
Greater speed performance along with nearly infinite 
common mode immunity are achieved via the balanced 
split phase circuit of Figure 15. Basic balanced (differen- 
tial line receiver can be accomplished with one HCPL-2300 
in Figure 15, but with a typical 400 V/us common mode 
immunity. Data rate versus distance for both the above 
unbalanced and balanced line receiver applications are 
compared in Figure 16. The RS-232-C interface circuit of 
Figure 17 provides guaranteed minimum common mode 
immunity of 100 V/us while maintaining the 2:1 dynamic 
range Of Ir. 


A recommended layout for use with an internal 1000 
Ohms resistor or an external pull-up resistor and required 
Voc bypass capacitor is given in Figure 18. Voc; is used 
with an external pull-up resistor for output voltage levels 


(Vo) greater than. or equal to 5 V. As illustrated in Figure 


18, an optional Voc and GND trace can be located between 
the input and the output leads of the HCPL-2300 to provide 
additional noise immunity at the compromise of insulation 
capability (Vj_o). | 
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HCPL-2300 INPUT 
= 


an ame «2 ow am 


“*SCHOTTKY DIODE (HP 5082-2800, OR EQUIVALENT) AND 20 pF CAPACITOR 
ARE NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT. 


Figure 11. Recommended Shunt Drive Circuit for Interfacing Between TTL/LSTTL/CMOS Logic Systems. . 
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OUTPUT HCPL-2300 INPUT OUTPUT HCPL-2300 INPUT 
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3.16K Q 
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Figure 12. Active CMOS Series Drive Circuit. Figure 13. Series Drive from Open Collector TTL/LSTTL Units. 








x HCPL -2300 te 
/ ream uj 
Ss 
/ / Q 
a, e 
/ / | < | HCPL-2300 sd 
ZN 
DRIVER | jf | HCPL-2300 INPUT 
+12 V / 


-12 V 


*OTHER DEVICES: MC3488A/B 
TI-vA9636A. 
**MAY BE REQUIRED ON OLDER VERSIONS OF uA9636A. 
*** SCHOTTKY DIODE (HP 5082-2800, OR EQUIVALENT). 


REFERENCE FIGURE 16 FOR DATA RATE vs. LINE DISTANCE L. 


Figure 14. Application of HCPL-2300 as Isolated, Unbalanced Line Receiver(s). 
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DRIVER 









5V 


yA9638* 


*OTHER DEVICE: TI-uA9638A 


REFERENCE FIGURE 16 FOR DATA RATE vs. LINE DISTANCE L. 


HCPL-2300 INPUT 


LSTTL EXCLUSIVE-OR 
FLIP FLOP 





FOR LESS SEVERE COMMON MODE INTERFERENCE ENVIRONMENTS, Moe epee ee ce ee 


ONE HCPL-2300 OPTOCOUPLER WITH NO EXCLUSIVE -OR FLIP FLOP 
CIRCUIT CAN BE USED FOR BALANCED LINE RECEIVER APPLICATIONS. 
Vo = Vin. 


HCPL-2300 





Figure 15. Application of Two HCPL-2300 Units Operating as an Isolated, High Speed, Balanced, Split Phase Line Receiver with 


Significantly Enhanced Common Mode Immunity. 


100M 


10% PULSE WIDTH DISTORTION 
22 AWG UNSHIELDED TWISTED 
PAIR WIRE CABLE 

(DEARBORN NO. 862205) 


DATA RATE — BAUD 








10K /#——- a 
1 10 100 1000 10,000 


L — LINE LENGTH — METRES 
Figure 16. Typica! Point to Point data Rate vs. Length of Line 
for Unbalanced (Figure 14) and Balanced 


a (Figure 15) Line Receivers using HCPL-2300 
Optocouplers. 
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*SEE NOTE 1 


Figure 18. Recommended Printed Circuit Board Layout. 
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2N3904 


RS-232-C 
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3V—25V 
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7.15K Q 
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750 2 


Figure 17. RS-232-C Interface Circuit with HCPL-2300. 
0°C < Ta < 85°C. 


NOTES: 

1. Bypassing the power supply line is required with a 0.1 uF ceramic disc 
capacitor adjacent to each optocoupler as illustrated in Figure 18. The 
power supply bus for the optocoupler(s) should be separate from the 
bus for any active loads, otherwise a larger value of bypass capacitor 
(up to 0.1 «F) may be needed to suppress regenerative feedback via the 

_ power supply. in 

2. Peaking circuits may produce transient input currents up to 100 mA, 
500 ns maximum pulse width, provided average current does not 
exceed 5 mA. . 

3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 

4. The tPLH propagation delay is measured from the 50% point on the 
trailing edge of the input pulse to the 1.5 V point on the trailing edge 
of the output pulse. 

5. The tPHL propagation delay is measured from the 50% point on the 
leading edge of the input pulse to the 1.5 V point on the leading edge 
of the output pulse. . 

6. CMnu is the maximum tolerable rate of rise of the common mode vol- 
‘tage to assure that the output will remain in a high logic state ({i.e., 
Vout > 2.0 V). 

7. CML is the maximum tolerable rate of fall of the common mode vol- 

tage to assure that the output will remain in a low logic state (i.e., 

Vout < 0.8 V). 

Cp is the peaking capacitance. Refer to test circuit in Figure 8. 


go 
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20 M BAUD HIGH CMR 


HEWLETT 
@. PACKARD 


TRUTH TABLE 
(POSITIVE LOGIC) 


; LED | eee cum 


e HIGH SPEED: 40 MBd TYPICAL DATA RATE 
e HIGH COMMON MODE REJECTION 
e HCPL-2400 = 1kV/us @ 50 Vey 


© HCPL-2411 = 1kV/us @ 300 Vow 


e AC PERFORMANCE GUARANTEED OVER 
TEMPERATURE 


e COMPATIBLE WITH TTL, STTL, LSTTL, AND 
HCMOS LOGIC FAMILIES 


e HIGH SPEED AlGaAs EMITTER 


e THREE STATE OUTPUT (NO PULL-UP 
RESISTOR REQUIRED) 


e HIGH POWER SUPPLY NOISE IMMUNITY 


¢ RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 


e VDE 0883 APPROVAL AVAILABLE 


¢ MIL-STD-1772 VERSION AVAILABLE 
(HCPL-5400/1) 


Applications 
e ISOLATION OF HIGH SPEED LOGIC SYSTEMS 
e COMPUTER-PERIPHERAL INTERFACES 


e ISOLATED BUS DRIVER (NETWORKING 
APPLICATIONS) 


e SWITCHING POWER SUPPLIES 
e GROUND LOOP ELIMINATION 
e HIGH SPEED DISK DRIVE 1/O 


e DIGITAL ISOLATION FOR A/D, D/A 
CONVERSION 


e PULSE TRANSFORMER REPLACEMENT 





HCPL-2400 
HCPL-2411 


LOGIC GATE 
OPTOCOUPLER 


OUTLINE DRAWING 


9.40 (.370) 
9.90 (.390) 


fe) (71 {6} [5 


HP 2400 


——_ 


TYPE NUMBER 
DATE CODE 


Ty U2) 03) U4) Recocnition 


Paneer (.070) MAX. 


ie SMS DIMENSIONS IN MILLIMETRES AND (INCHES) 


| 4.70 (.185) MAX. 


tos (.020) 
MIN. 
2.92 (.115) MIN. 
— ||| — 0.65 (.025) MAX. 


2.28 (.090) 
2.80 (.110) 





[3 | CATHODE Vo} 6 | 


0.76 (.030) | 
1.40 (.055) | 


Description 

The HCPL-2400/11 high speed optocouplers combine an 
820 nm AlGaAs light emitting diode with a high speed 
photo-detector. This combination results in very high data 
rate capability and low input current. The three state output 
eliminates the need for a pull-up resistor and allows for 
direct drive of data buses. The hysteresis provides differen- 
tial mode noise immunity and minimizes the potential for 
output signal! chatter. Improved power supply rejection min- 
imizes the need for special power supply bypassing 
precautions. 


The electrical and switching characteristics of the HCPL- 
2400/11 are guaranteed over the temperature range of 0°C 
to 70°C. 

The HCPL-2400/11 are compatible with TTL, STTL, LSTTL 
and HCMOS logic families. When Schottky type TTL 
devices (ST TL) are used, a data rate performance of 20 MBd 
over temperature is guaranteed when using the application 
circuit of Figure 13. Typical data rates are 40 MBd. 


Recommended Operating Conditions 














Parameter | Symbol | Min.| Max.| Units _ 
finput Current High) | row | 4 | 8 | mA _ 
Input Voltage (Low) | VE(orr)| — | 08 | Volts | 
fesse voton—[ Ya | 0-[ 08 [vol 
Fanout SST SN |__| 8 [TL Loads 
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Absolute Maximum Ratings 


(No derating required up to 85° C) 


Parameter 


Reverse Input Voltage 

Supply Voltage 

Three State Enable Voltage 

Average Output Collector Current 
Output Collector Voltage 

Output Collector Power Dissipation 





Electrical Specifications 


For O°C < Ta < 70°C, 4.75Vs Voc < 5.25 V, 4mAs IE(ON) <8 mA, 20V<E VEH < 5.25, 0 V< VeL <= 0.8 V, 
OV < Ve(orr) = 0.8 V except where noted. All typicals at Ty, = 25°C, Veg = 5 V, Irony = 6.0 MA, Verorr) = 0 V except where noted. See note 9. 


[Parameter | Symbol_| Min. 
[ene oueavoae [ve 
V 



















Test Conditions 


| Units | 
| 0.5 | Volts | lo. =8.0 mA (5 TTL Loads) 
| Volts | 


loH =-4.0 mA 


Note 





Logic High Output Voltage 
Output Leakage Current 


Logic Low Enable Voltage 
Ve=24V 


Logic High Enable Current baal 


[Konic High natie Votags [ven [20 [ [| vos | 

cae eee San ee ee 

| High Impedance State 
Supply Current 


High Impedance State 
Output Current 






Vo=2aV Ve=2V 





ie 
aoe 
= 
oa 
Eo 
-* 
oa 
aa 
| 
aa 


OL 
EL 
lE 
lE 

Logic Low Short Circuit lOSL 

Output Current — 

Logic High Short Circuit IOSH 

Output Current 

i | lHys 

Input Forward Voltage pve FL 

Input Reverse Breakdown BVp | 3.0 | 5. 

Voltage | 2.0 | 

Input Diode Temperature AVE 

Coefficient ATA | | 

a ae a eee 


Input-Output Insulation 






f=1 MHz, Vi-o = 0V de 





Input-Output Resistance | Rio | 
Input-Output Capacitance 
Input Capacitance 


H 
L 





f= 1 MHz, Ve =OV, Pins 2 and 3 
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Switching Specifications 
0°C < Ta = 70°C, 4.75 V S$ Voc € 5.25 V, 0.0 V <= Ven $0.8 V, 4mMA <l-< 8.0 mA. All typicals Voc = 5 V, Ta = 25°C, 
l- = 6.0 mA except where noted. 













Wus | Vom=50V 
Vus | Vom=S0V 
VOM S02 


Voc = 5.0V, 48 Hz < Fac < 50MHz 


Logic High Common Mode | |CMy|| 2400 | 1000 | 10,000 
Transient Immunity 2441 1000 —= 
Logic Low Common Mode | |CM_| 1000 | 10,000 
Transient Immunity 9411 1000 =e 


Power Supply Noise PSNI 0.5 
Immunity 


NO 


11 


—_ 
—_k 





Insulation Related Specifications 


[Parameter «Symbol | Vatue [Unite 
[ Min. ExeraairGap Giesrancey | wion) |=? [mm 
[ Min-Exteral Tracking Pat (Greepage) | U0@ | =7 [mm 

Min. Internal Plastic Gap (Clearance) | = |_ (0.08 | =omm__ Through insulation distance conductor to conductor 








Conditions 
Measured from input terminals to output terminals 


Measured from input terminals to output terminals 










Notes: 

1. Duration of output short circuit time not to exceed 10 ms. 6.CMH is the maximum slew rate of common mode voltage 

2. Device considered a two terminal device: pins 1-4 shorted that can be sustained with the output voltage in the logic 
together, and pins 5-8 shorted together. high state (Vo(mIN) > 2.0 V). CML is the maximum slew rate of 


common mode voltage that can be sustained with the output 


; ' ‘ 
3.tPHL propagation delay is measured from the 50% level on voltage in the logic low state (Vo(max) < 0.8 V). 


the rising edge of the input current pulse to the 1.5 V level 


on the falling edge of the output pulse. The tpLH propaga- 7. Power Supply Noise Immunity is the peak to peak amplitude 
tion delay is measured from the 50% level on the falling of the ac ripple voltage on the Vcc line that the device will 
edge of the input current pulse to the 1.5 V level on the ris- withstand and still remain in the desired logic state. For 
ing edge of the output pulse. desired logic high state, Vou(min) > 2.0 V, and for desired 


logic low state, Voi (max) < 0.8 volts. 

8. Peak Forward Input Current pulse width < 50 us at 1 KHz 
maximum repetition rate. 

9. Use of a 0.1 wF bypass capacitor connected between pins 5 
and 8 is recommended. 


4. This specification simulates the worst case operating condi- 
tions of the HCPL-2400/11 over the recommended operating 
temperature and Vcc range with the suggested applications 
circuit of Figure 13. 


5. Propagation delay skew is discussed later in this data sheet. 
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Vo_ — LOGIC LOW OUTPUT VOLTAGE — V 


Io, — LOGIC LOW OUTPUT CURRENT — mA 


Figure 1. Typical Logic Low Output Voltage 


vs. Logic Low Output Current 
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Figure 4. Typical Diode Input Forward 


Current Characteristic 





tp — PROPAGATION DELAY — ns 





Ta — TEMPERATURE — °C 


Figure 6. Typical Propagation Delay vs. 
Ambient Temperature 
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Figure 13. Recommended 20 MBd HCPL-2400/11 interface Circuit 
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Figure 14. Alternative HCPL-2400/11 Interface Circuit 


Propagation Delay, 
Pulse-Width Distortion and 
Propagation Delay Skew 


Propagation delay is a figure of merit which describes how 
quickly a logic signal propagates through a system. The 
propagation delay from low to high (tp; 4) is the amount of 
time required for an input signal to propagate to the output, 
causing the output to change from low to high. Similarly; 
the propagation delay from high to low (tp) is the amount 
of time required for the input signal to propagate to the 
output, causing the output to change from high to low (see 
Figure 5). 


Pulse-width distortion (PWD) results when tpyy and tpy,_ 
differ in value. PWD is defined as the difference between 
tpLy and tp, and often determines the maximum data rate 
capability of a transmission system. PWD can be expressed 
in percent by dividing the PWD (in ns) by the minimum 
pulse width (in ns) being transmitted. Typically, PWD on 
the order of 20-30% of the minimum pulse width is tolera- 
ble; the exact figure depends on the particular application 
(RS232, RS422, T-1, etc.). 


Propagation delay skew, tpsx, is an important parameter to 
consider in parallel data applications where synchroniza- 
tion of signals on parallel data lines is a concern. If the 
parallel data is being sent through a group of optocouplers, 
differences in propagation delays will cause the data to 
arrive at the outputs of the optocouplers at different times. 
If this difference in propagation delays is large enough, it 


will determine the maximum rate at which parallel data can 


be sent through the optocouplers. 


Propagation delay skew is defined as the difference between 
the minimum and maximum propagation delays, either tp_y 
Or tp, for any given group of optocouplers which are 


operating under the same conditions (i.e., the same drive | 


current, supply voltage, output load, and operating tempera- 
ture). As illustrated in Figure 15, if the inputs of a group of 


lr . 50% 


I; 50% 


tesx 


Figure 15. illustration of Propagation Delay Skew — tpcx. 


optocouplers are switched either ON. or OFF at the same 
time, tpsx is the difference between the shortest propaga- 
tion delay, either tp_y or tpy,_, and the longest propagation 
delay, either tp_y or tpy. 


As mentioned earlier, tps, can determine the maximum 
parallel data transmission rate. Figure 16 is the timing 
diagram of a typical parallel data application with both the 
clock and the data lines being sent through optocouplers. 
The figure shows data and clock signals at the inputs and 
outputs of the optocouplers. To obtain the maximum data 
transmission rate, both edges of the clock signal are being 
used to clock the data; if only one edge were used, the 
clock signal would need to be twice as fast. 


Propagation delay skew represents the uncertainty of where 
an edge might be after being sent through an optocoupler. 
Figure 16 shows that there will be uncertainty in both the 
data and the clock lines. It is important that these two areas 
of uncertainty not overlap, otherwise the clock signal might 
arrive before all of the data outputs have settled, or some of 
the data outputs may start to change before the clock 
signal has arrived. From these considerations, the absolute 
minimum pulse width that can be sent through optocoup- 
lers in a parallel application is twice tpgx. A cautious design 
should use a slightly longer pulse width to ensure that any 
additional uncertainty in the rest of the circuit does not 
cause a problem. 


The HCPL-2400/11 optocouplers offer the advantages of 
guaranteed specifications for propagation delays, pulse- 
width distortion, and propagation delay skew over the 
recommended temperature, input current, and power supply 
ranges. 
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Figure 16. Parallel Data Transmission Example. 


Application Circuit 


A recommended LED drive circuit is shown in Figure 13. 
This circuit utilizes several techniques to minimize the 
total pulse-width distortion at the output of the opto- 
coupler. By using two inverting TTL gates connected in 
series, the inherent pulse-width distortion of each gate 
cancels the distortion of the other gate. For best results, 
the two series-connected gates should be from the same 
package. 


The circuit in Figure 13 also uses techniques known as 
prebias and peaking to enhance the performance of the 
optocoupler LED. Prebias is a small forward voltage applied 
to the LED when the LED is off. This small prebias voltage 
partially charges the junction capacitance of the LED, 
allowing the LED to turn on more quickly. The speed of 
the LED is further increased by applying momentary 
current peaks to the LED during the turn-on and turn-off 
transitions of the drive current. These peak currents help 
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Figure 17. Modulation Code Selections 


to charge and discharge the capacitances of the LED 
more quickly, shortening the time required for the LED to 
turn on and off. 


Switching performance of the HCPL-2400/11 optocouplers 
is not sensitive to the TTL logic family used in the 
recommended drive circuit. The typical and worst-case 
switching parameters given in the data sheet can be met 
using common 74LS TTL inverting gates or buffers. Use of 
faster TTL families will slightly reduce the overall propa- 
gation delays from the input of the drive circuit to the 
output of the optocoupler, but will not necessarily result in 
lower pulse-width distortion or propagation delay skew. 
This reduction in overall propagation delays is due to 
shorter delays in the drive circuit; not to changes in the 
propagation delays of the optocoupler; optocoupler propa- 
gation delays are not affected by the speed of the logic 
used in the drive circuit. 


Vcc 


Figure 18. Typical HCPL-2400/11 Output Schematic 
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Applications 
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TYPE NUMBER 
DATE CODE 


PIN : 
pad if RECOGNITION 
| a |. 78 (.070) MAX f 
nas 1.19 (047) MAX. DIMENSIONS IN MILLIMETRES AND (INCHES) 
ANODE 1} 1| 
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“__~___¥s CATHODE 1] 2] 
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MIN. CATHODE 2| 3| 
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876 ee | NOEL 
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Description 


The HCPL-2430 high speed optocoupler combines an 820. 
nm AlGaAs LED with a high speed photo detector. This 
combination results in very high data rate capability and 
low input current. The totem pole output eliminates the 
need for a pull-up resistor. 

The detectors have totem pole output stages and optical 
receiver input stages with built-in Schmitt triggers to provide 
logic compatible waveforms, eliminating the need for addi- 
tional waveshaping. Improved power supply rejection min- 
imizes the need for special power supply bypassing precau- 
tions; however, it is still recommended as good design 
practice. oe 

The electrical and switching characteristics of the HCPL- 
2430 are guaranteed over the temperature range of 0°C to 
70°C. 

The HCPL-2430 is compatible with TTL, STTL, LSTTL 
and HCMOS logic families. A data rate performance of 
20 MBd over temperature is guaranteed when using the 
application circuit of Figure 10. Typical data rates are 
40 MBad. 


Recommended Operating 
Conditions 
/Parameter | Symbol | Min. | Max. | Units” 
[Input Current (High) | leon) | 4 | 8 | ma | 
[Input Voltage (Low) | Veorr) | — | 08 | Volts 
Operating Temperature | Ta | 0 | 70° | °C _| 


TL 
Fanon | NS Loads 










Pla 









— 
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Absolute Maximum Ratings (No derating required up to 70°C) 


Parameter 


Storage Temperature 
Operating Temperature T, -40 3 


Lead Solder Temperature 260°C for 10 s. (1.6 mm below seating plane) 
Average Forward Input Current 


Peak Forward Input Current 





S 

A 

IF 

Reverse Input Voltage Vr 
Supply Voltage Voc 
Total Package Power Dissipation 


Average Output Collector Current 


Output Collector Voltage 


Output Collector Power Dissipation 





Electrical Specifications 


For O°C < Ty S 70°C, 4.75 VS Voc $ 5.25 V, 4 MAS IF (oN) S$ 8 MA, 0 V S Ve(orr) S 0.8 V except where noted. 
All Typicals at Ta = 25°C, Vec =5V, le (ON) = 6.0 mA, VE (OFF) = 0 V except where noted. See note 12. 


Parameter Symbol | Min. Typ.* | Max. | 
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| Input Forward Voltage 





| Input Reverse Breakdown Voltage | BVp 


| | Input Diode Forward Voltage AVF 134 
Temperature Coefficient AT a 
Cin 


1 


s RH < 50%, t = 1 min. 
| [ohms |vi.o=S00vdo 
of PE f= 1 MHz, \j-o = 0 Vde 
| 
fees! 
ae 


Input-Output Insulation Viso |2500! 


Resistance Input-Output 


Capacitance Input-Output 
Input-Input Insulation 
Leakage Current 


Input Capacitance 
Resistance (Input-Input) 


© 
O 


f= 1 MHz, Vp = 0 V, Pins 2 and 3 


A Relative Humidity = 45% 
M t=5s,V,,=500V 
Vi-1 = 800 V 
f= 1 MHz 


oO 
o) 
a) 
n 


© 


Capacitance (Input-Input) 
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Switching Specifications | 


0°C < Ta S 70°C, 4.75 VS Voc S 5.25 V, 4 MAS Ip < 8.0 mA. All Typicals Voc = 5 V, 


unless otherwise specified. 


















Parameter 
Min. External Air Gap (Clearance) 


[Symbol | Vale | 
a eae 


Min.External Tracking Path (Creepage) 


Min. Internal Plastic Gap (Clearance) 


Tracking Resistance 
Isolation Group (per DIN VDE 0109) 


Notes: re 

1. Each channel. 

2. Duration of output short circuit time should not exceed 10 ms. 

3. Device considered a two terminal device: pins 1, 2, 3 and 4 
shorted together, and pins 5, 6, 7 and 8 shorted together. 

4. The tp_y propagation delay is measured from the 50% point 8. 
on the leading edge of the input pulse to the 1.3 V point on 
the leading edge of the output pulse. The tp, propagation 
delay is measured from the 50% point on the trailing edge of 
the input pulse to the 1.3 V point on the trailing edge of the 
output pulse. 9. 

5. The typical data shown is indicative of what can be expected 
using the application circuit in Figure 11. . 

6. Propagation delay skew is discussed later in this data sheet. 


10. 
11. 


12. 
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Parameter | Symbol_|Min.| Typ. [Max.|Units| Test Conditions —_—| Fig. | Note | 
Propagation Delay Time to | 
Logic Low Output Level pom | |e feof p es 
_ Propagation Delay Time to 
Logic High Output Level 'PLH e eae Piss 
Output Rise Time a ae ee Te ee ee ee 
Output Fall Time ee a ee | a ae 
Logic migh: Common Meee: ||” iemial. *}4000'| 10,000 VWus 7 
Transient Immunity | 
Logic Low Common Mode Ta = 25°C, lp = 4 mA, 
Transient Immunity |CM,| diel eisode S| vas. Vom = 50 V Ui 
Power Supply Noise PSNI 05 V Voc = 5.0 V, 
Immunity PP 


co 
= 
a 
Tn 


Ta = 25°C, Ip = 6.0 MA 











48 Hz < Fac $ 50 MHz 


Conditions 





. oe 
>7 
ae Material Group DIN VDE 0109 


CM, is the maximum slew rate of common mode voltage that 
can be sustained with the output voltage in the logic high state 
(Vo (min) > 2-0 V). CM, is the maximum slew rate of common 
mode voltage that can be sustained with the output voltage in 
the logic low state (Vo (max) < 0.8 V). 

Power Supply Noise Immunity is the peak to peak amplitude of 
the ac ripple voltage on the Vcc line that the device will with- 
stand and still remain in the desired logic state. For desired 
logic high state, VoH(min) > 2-0 V, and for desired logic low 
state, (Vor (max) < 0.8 V). 

Peak Forward Input Current pulse width < 50 us at 1 KHz 
maximum repetition rate. 

Derate power dissipation above 70°C at 6.0 mW/°C. 

Measured between pins 1 and 2, shorted together, and pins 3 
and 4, shorted together. ; . 
Use of a 0.1 uF bypass capacitor connected between pins 5 
and 8 is recommended. 
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Figure 10. Recommended 20 Mbd HCPL-2430 Interface Circuit. 
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Propagation Delay, 
Pulse-Width Distortion and 
Propagation Delay Skew 


Propagation delay is a figure of merit which describes how 
quickly a logic signal propagates through a system. The 
propagation delay from low to high (tp; 4) is the amount of 
time required for an input signal to propagate to the output, 
causing the output to change from low to high. Similarly, 
the propagation delay from high to low (tp) is the amount 
of time required for the input signal to propagate to the 
output, causing the output to change from high to low (see 
Figure 5). 


Pulse-width distortion (PWD) results when tp, y and tpy, 
differ in value. PWD is defined as the difference between 
tpLH and tpy,_ and often determines the maximum data rate 
capability of a transmission system. PWD can be expressed 
in percent by dividing the PWD (in ns) by the minimum 
pulse width (in ns) being transmitted. Typically, PWD on 
the order of 20-30% of the minimum pulse width is tolera- 
ble; the exact figure depends on the particular application 
(RS232, RS422, T-1, etc.). 


Propagation delay skew, tpsx, is an important parameter to 
consider in parallel data applications where synchroniza- 
tion of signals on parallel data lines is a concern. If the 
parallel data is being sent through a group of optocouplers, 
differences in propagation delays will cause the data to 
arrive at the outputs of the optocouplers at different times. 
If this difference in propagation delays is large enough, it 
will determine the maximum rate at which parallel data can 
be sent through the optocouplers. 


Propagation delay skew is defined as the difference between 
the minimum and maximum propagation delays, either tp, 4 
or tpy_, for any given group of optocouplers which are 
operating under the same conditions (i.e., the same drive 
current, supply voltage, output load, and operating temper- 


Fs 50% 


I; 50% 


tesk 


Figure 11. Illustration of Propagation Delay Skew — tpo,. 


ature). As illustrated in Figure 11, if the inputs of a group 
of optocouplers are switched either ON or OFF at the same 
time, tpsx is the difference between the shortest propaga- 
tion delay, either tp; 1}, or tpy,, and the longest propagation 
delay, either tp_y or tpy,. 


As mentioned earlier, tpsx can determine the maximum 
parallel data transmission rate. Figure 12 is the timing dia- 
gram of a typical parallel data application with both the 
clock and the data lines being sent through optocouplers. 
The figure shows data and clock signals at the inputs and 
outputs of the optocouplers. To obtain the maximum data 
transmission rate, both edges of the clock signal are being 
used to clock the data; if only one edge were used, the 
clock signal would need to be twice as fast. 


Propagation delay skew represents the uncertainty of where 
an edge might be after being sent through an optocoupler. 
Figure 12 shows that there will be uncertainty in both the 
data and the clock lines. It is important that these two areas 
of uncertainty not overlap, otherwise the clock signal might 
arrive before all of the data outputs have settled, or some of 
the data outputs may start to change before the clock 
signal has arrived. From these considerations, the absolute 
minimum pulse width that can be sent through optocoup- 
lers in a parallel application is twice tpsgx. A cautious design 
should use a slightly longer pulse width to ensure that any 
additional uncertainty in the rest of the circuit does not 
Cause a problem. 

The HCPL-2430 optocoupler offers the advantages of 
guaranteed specifications for propagation delays, pulse- 
width distortion and propagation delay skew over the 
recommended temperature, input current, and power supply 
ranges. 


INPUTS 


CLOCK \ / 
AAA) AAJ AAS 
/AAMA\ IAM \ [AAAA\ 


OUTPUTS tpsk 
CLOCK Wf \\ 


tpskK 
ai 


Figure 12. Parallel Data Transmission Example. 
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Application Circuit 


A recommended LED drive circuit is shown in Figure 11. 
This circuit utilizes several techniques to minimize the 
total pulse-width distortion at the output of the opto- 
coupler. By using two inverting TTL gates connected in 
series, the inherent pulse-width distortion of each gate 
cancels the distortion of the other gate. For best results, 


| - the two series-connected gates should be from the same 


package. 


The circuit in Figure 11 also uses techniques known as 
prebias and peaking to enhance the performance of the 
optocoupler LED. Prebias is a small forward voltage applied 
to the LED when the LED is off. This small prebias voltage 
partially charges the junction capacitance of the LED, 
allowing the LED to turn on more quickly. The speed of 
the LED is further increased by applying momentary 
current peaks to the LED during the turn-on and turn-off 
transistions of the drive current. These peak currents help 
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to charge and discharge the capacitances of the LED 
more quickly, shortening the time required for the LED to 
turn on and off. | | —_ 


Switching performance of the HCPL-2430 optocoupler is 
not sensitive to the TTL logic family used in the recom- 
mended drive circuit. The typical and worst-case switching 
parameters given in the data sheet can be met using 
common 74LS TTL inverting gates or buffers. Use of faster 
TTL families will slightly reduce the overall propagation 
delays from the input of the drive circuit to the output of 
the optocoupler, but will not necessarily result in lower 
pulse-width distortion or propagation delay skew. This 
reduction in overall propagation delays is due to shorter 
delays in the drive circuit, not to changes in the propagation 
delays of the optocoupler; optocoupler propagation delays 
are not affected by the speed of the logic used in the drive 
circuit. 


High CMR, High Speed TTL 
Compatible Optocoupler 


Technical Data 


Features 


¢ Internal Shield for High 
Common Mode Rejection 
(CMR) 


HCPL-2601: 1000 V/s at 


Vem = 5OV 
HCPL-2611: 5000 V/ps at 
Vow = 1000 V 


e High Speed: 10 MBd 
Typical 

¢ LSTTL/TTL Compatible 

¢ Low Input Current 
Capability: 5 mA 

e Guaranteed ac and dc 
Performance over 
Temperature: 0°C to 70°C 

¢ Strobable Output 

¢ Recognized Under the 
Component Program of 
ULL. (File No. E55361) for 
Dielectric Withstand Proof 
Test Voltages of 2500 VAC, 
1 Minute and 5000 VAC, 1 
Minute (Option 020) 

° Hermetic Equivalent 
Device Available (HCPL- 
5600/1) 


e VDE 0883 Approval 
Available 


*JEDEC Registered Data (The HCPL- 
2601 and HCPL-2611 are not 
registered.) 


Description 


The 6N137/HCPL-2601/11 
optically coupled gates combine 
a GaAsP light emitting diode 
and an integrated high gain 
photo detector. An enable input 
allows the detector to be 
strobed. The output of the 
detector I.C. is an open collector 
Schottky clamped transistor. 
The internal shield provides a 
guaranteed common mode 
transient immunity specification 
of 1000 W/us for the 2601, and 
5000 W/us with the 2611. 


Outline Drawing* 


<< __ 9.40 (.370) 
9.90 (390) 







TYPE NUMBER 
DATE CODE 


UL 
RECOGNITION 


=) gee 1.78 (.070) MAX. 
—- <= 1.19 (.047) MAX. 


4.70 (.185) MAX. 
toss (.020) 
MIN. 


2.92 (.115) MIN. 
0.65 (.025) MAX. 

2.28 (.090) 

2.80 (.110) 


0.76 (.030) ! | | 


7.40 (.055) 


(A eackano 





6N137 
HCPL-2601 
HCPL-2611 


This unique design provides 
maximum ac and dc circuit 
isolation while achieving TTL 
compatibility. The optocoupler 
ac and de operational parame- 
ters are guaranteed from 0°C to 
70°C allowing troublefree 
system performance. 


The 6N137/HCPL-2601/11 are 
suitable for high speed logic 
interfacing, input/output 
buffering, as line receivers in 
environments that conventional 
line receivers cannot tolerate 
and are recommended for use in 
extremely high ground or 
induced noise environments. 








DIMENSIONS IN MILLIMETRES AND (INCHES). 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's susceptibility to 
damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and assembly of 


this component to prevent damage and/or degradation which may be induced by ESD. 
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Applications Schematic 
e Isolated Line Receiver | 








e Simplex/Multiplex Data —_— pe a 
Transmission 2+ ei 
e Computer-Peripheral Yo 
Interface 
e Microprocessor System Ve 
Interface ye a 
e Digital Isolation for A/D, | 3 ; ; 5 
D/A Conversion . ota a te! 7 TRUTH TABLE 
2 Z VE (POSITIVE LOGIC) 
¢ Switching Power Supply 
USE OF A0.1uF BYPASS CAPACITOR 
e Instrument Input/Output CONNECTED BETWEEN PINS 5 AND 8 IS 


: RECOMMENDED (SEE NOTE 1). 
Isolation 


e Ground Loop Elimination 


¢ Pulse Transformer 
Replacement 





Recommended Operating Conditions 





*The initial switching threshold is 5 mA or less. It is recommended that 6.3 mA to 
10 mA be used for best performance and to permit at least a 20% CTR degradation 
guardband. 


Absolute Maximum Ratings 
(No Derating Required up to 85°C) 


Storage Temperature .............cccccccccsessssssssensrsccececeeees -55°C to +125°C 
Operating Temperature ...00.............cccssssersececeececeeeseeeees -40°C to +85°C 
Lead Solder Temperature .................sssssssececsccceeseeseseeeees 260°C for 10s 
(1.6 mm below seating plane) 

Forward Input Current — I, (see Note 2) ..........csssesssessesseeseeees 20 mA 
REVETSE TA DUE-V ODAC 5.55 esis 5 s:505 5) svete scaceaduenespantieaeiaaedernesesd esses 5V 
Supply Voltage — Vo ..sessccsssssscsseseessceeeeeees 7 V (1 Minute Maximum) 
Eriable Input. Voltage = V poniccsccszssintsnetsesstosthetssssarcsceoesdersteansacessess 5.5 V 
. (Not to exceed V,,,. by more than 500 mV) 

Output Collector Current = 1) i.icsscivsncsscaosssavostsevesanesavedeesenesnace 50 mA 
Output Collector Power Dissipation .................csccssessesssssssseeeees 85 mW 
Output Collector Voltage — Vo .......cccsssssssssesceressesnsscessssessssessseeeses 7V 


(Selection for higher output voltages up to 20 V is available.) 
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Electrical Characteristics 


Over recommended temperature (T, = 0°C to +70°C) unless otherwise specified. (See note 1.) 


Typ.** Units Test Conditions Fig 









Parameter 





i 


pom 
° 
se 
% 
e —) 
| a 


High Level Output 100 


Current 


Voc = 5.5 V, Vy = 5.5 V, 
I, = 250 pA, V, = 2.0V 





Low Level Output 
Voltage 


Voc = 5.5 V, 1, =5 mA, | 2, 4, 
ve = 2.0 V, 
I, (Sinking) = 13 mA 





pond 
an) 


Voc = 5-5 V, 1, = 0, 14 


V,=0.5V 





| 14 
Low Level Supply 13 mA oo = 5.5 V, I, = 10 mA, 15 
Current =0.5V 
High Level Enable mA | V,, =5.5 V, V, = 2.0 V 
Current 
Low Level Enable 1? -1.1 mA | V,, =5.5 V, V, =0.5 V 16 
Current 
High Level Enable VG 2.0 11 
Voltage 


Input Forward 
| Voltage 


Input Reverse BV,.* 5 
Breakdown Voltage 


3,13 


Low Level Enable Vix 
Voltage 


Ea 





Input Capacitance 


Input Diode AV, 

Temperature -1.6 
Coefficient AT 
| Input-Output Vie 2500 = Vis 
Insulation —_ 


V, =0,f= 1 MHz 


se) 


a 
CO ~] 
o | & 


: 
Pe 








Resistance 
(Input-Output) 


ef 
a 


E 

ed 

Ee 
“ 
“I 
on 
= 
S 
< 


9) 
ic 
peat 
= 
a 
N 


Capacitance Ces 
(Input-Output) 


*JEDEC registered data for the 6N137. 
**All typical values are at V,, = 5 V, T, = 25°C. 
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Switching Specifications 
Over recommended temperature (T, = 0°C to +70°C), V,, = 5 V, I, = 7.5 mA unless otherwise specified. 


eS 
Propagation Delay 
Time to Low Output 













Propagation Delay 75* = 25°C 
Time to High 


Output Level 








» 
Or 


es i ¥ 
: + 
: * 












Pulse Width a ae 
Distortion 
Output Rise Time 
(10-90%) 
Output Fall Time 
(90-10%) 

Propagation Delay 


Time of Enable from 
Ven to Ver 





R,, = 350 Q, C, = 15 pF, 
Vit =9 V, Vey =3 V 


PHL 


tony 

t 

Itus-ty, | 

t, 

t, 

tent 

ICM, | | HCPL-2601 10,000 
6N137 | 

IcM,! | HCPL-2601 10,000 
HCPL-2611 


*JEDEC registered data for the 6N137. 
**A]l typical values are at V,, = 5 V, T, = 25°C. 







R, = 350 Q, C, = 15 pF, 
Ve, =9 V, Vey =3 V 


Propagation Delay 
Time of Enable from 
Vit to Ven 






a 


Common Mode 
Transient 
Immunity at High 

Output Level 













Common Mode 
Transient 
Immunity at Low 
Output Level 










Notes: 

1. Bypassing of the power supply line is required, with a 0.1 pF ceramic disc capacitor adjacent to each optocoupler as 
illustrated in Figure 15. The power supply bus for the optocoupler(s) should be separate from the bus for any active loads. 

2. Peaking circuits may produce transient input currents up to 50 mA, 50 ns maximum pulse width, provided average current 
does not exceed 20 mA. . 

3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted together. 

4. Thet,,,, propagation delay is measured from the 3.75 mA point on the trailing edge of the input pulse to the 1.5 V point on 
the trailing edge of the output pulse. 

5. The t,,,, propagation delay is measured from the 3.75 mA point on the leading edge of the input pulse to the 1.5 V point on 
the leading edge of the output pulse. 

6. Thet,,,, enable propagation delay is measured from the 1.5 V point on the trailing edge of the enable input pulse to the 
1.5 V point on the trailing edge of the output pulse. 

7. Thet,,,, enable propagation delay is measured from the 1.5 V point on the leading edge of the enable input pulse to the 1.5 V 
point on the leading edge of the output pulse. | 

8. CM,, is the maximum tolerable rate of rise of the common mode voltage to assure that the output will remain in a high logic 
state (i.e., Voy, > 2-0 V). . 

9. CM, is the maximum tolerable rate of fall of the common mode voltage to assure that the output will remain in a low logic 
state (i:e., Vi. < 0.8 V). 


0 


10. For sinusoid al'voltages, 


Idv,, | | 
Gace = TV cee (p-p) 
dt max 


11. No external pull up is required for a high logic state on the enable input. 

12. See Option 020 data sheet for more information. 

13. The JEDEC registration for the 6N137 specifies a maximum I,,,, of 250 pA. HP guarantees a maximum I,,,, of 100 pA. 
14. The JEDEC registration for the 6N137 specifies a maximum I,,,, of 15 mA. HP guarantees a maximum I,,,, of 10 mA. 
15. The JEDEC registration for the 6N137 specifies a maximum I, of 18 mA. HP guarantees a maximum [,,,, of 13 mA. 
16. The JEDEC registration for the 6N137 specifies a maximum I,, of -2.0 mA. HP guarantees a maximum I,, of -1.6 mA. 
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Ip - FORWARD CURRENT - mA 




















loy— HiGH LEVEL OUTPUT CURRENT - LA 

















Vo_- LOW LEVEL OUTPUT VOLTAGE - V 

















0 
60 -40 -20 0 20 40 60 80 100 60 -40 -20 0 20 40 60 80 100 1.10 1.20 130 1.40 1.50 
T ,- TEMPERATURE - °C T ,- TEMPERATURE - °C Vp - FORWARD VOLTAGE - VOLTS 
Figure 1. High Level Output Figure 2. Low Level Output Figure 3. Input Diode 
Current vs. Temperature. Voltage vs. Temperature. Forward Characteristic. 


PULSE 
GENERATOR 
25=50 0 
t=t, = 5 ns 





































































































> 
I 
5 Monitoring Output Vo 
as Node Ru Monitoring 
ro) Node 
rE ae 
a *C, is approximately 15 pF, which inciudes 1 
= probe and stray wiring capacitance. = 
a) 
s) 
{ 
. 
> n 
a3 
4 foie eee . ul 
—>l tone | —>| teLH = 
° 
OUTPUT | | re) 
Vo 
| -— FORWARD INPUT CURRENT — mA : = 1.5V Be 
e e e e xk 
Figure 4. Output Voltage vs. Figure 5. Test Circuit for t,,,, and t,, 4° 
Forward Input Current. ** JEDEC Registered Data 
100 
Veco = 5.0 Vv 
lp =7.5mA 
” wn ” 
‘80 z ri 
| i 
> tou RL= > > 
4 | < < 
> = 3502 = rT 
(a) 60 a Qa 
z z z 
fe} fe) 2 
< < < 
a 40 < a 
a. a a 
s) ro} fe) 
o joa oc 
7 teu i 1 
| 
| 20 C e 
0 i 
60 -40 -20 0 20 40 60 80 100 
T ,~ TEMPERATURE - °C |-— PULSE INPUT CURRENT - mA |;— PULSE INPUT CURRENT - mA 
Figure 6. Propagation Delay Figure 7. Propagation Delay (t,, ,) Figure 8. Propagation Delay (t,,,) 
vs. Temperature. vs. Pulse Input Current. vs. Pulse Input Current. 
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PULSE 
GENERATOR 
Zo = 500 
t=t-=5 ns 


Input V_ 
Monitoring Node 





Output Vo 
Monitoring 
Node 


*C, is approximately 15 pF, which includes = 
probe and stray wiring capacitance. 


-———- 3.0V 










OUTPUT 
Vo 


Figure 9. Test Circuit for toa, and ty 


* 


220 


200 
190 
60 














40 





ty, ty — RISE, FALL TIME —ns 


20 





Ta— TEMPERATURE - °C 


Figure 11. Rise and Fall 
Time vs. Temperature. 





ten > R= 350, 1 KO, 4KQ 


t,. - ENABLE PROPAGATION DELAY - ns 





0 ; 
“60 -40 = -20 0 20 40 60 80 100 
Ta— TEMPERATURE - °C 


Figure 10. Enable Propagation 
Delay vs. Temperature. 











O +5V 


35082 


Output Vo 
O Monitoring 
Node 


PULSE 
GENERATOR 

2o=500 
— — — Vem (PEAK) 


Vv 
SWITCH AT A: I, = 0 


— — — — Vo (min.) 


SWITCH AT B: Ip = 7.5 mA 


—-—Vo (max.) 
05V cM, 


Figure 12. Test Circuit for Common Mode 
Transient Immunity and Typical Waveforms. 
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dVF/ g7- FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT — mV/°C 





























ly - INPUT THRESHOLD CURRENT - mA 




































































100 1000 20 0 

ly - PULSE INPUT CURRENT - mA T,— TEMPERATURE — °C 
Figure 13. Temperature Figure 14. Input Threshold 
Coefficient of Forward Voltage Current vs. Temperature. 


vs. Input Current. 


GND BUS (BACK) 








(IF USED) 


__. 
() U OUTPUT 1 


YS aa ENABLE 


{= a ENABLE 


(IF USED) 


S| 
OUTPUT 2 


Figure 15. Recommended Printed Circuit Board Layout. 
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High CMR Line Receiver 


Optocoupler 
Technical Data 


Features 


e Internal Shield for High 
Common Mode Rejection 
(CMR) 

HCPL-2602: 1000 V/us at 


Voy = 90 V 
HCPL-2612: 3500 V/us at 
Vim = 300 V 


e Line Termination Included 
— No Extra Circuitry 
Required 

e Accepts a Broad Range of 
Drive Conditions 

¢ LED Protection Minimizes 
LED Efficiency 
Degradation 

e High Speed: 10 MBd 
(Limited by Transmission 
Line in Many 
Applications) 

e Guaranteed ac and de 
Performance Over 
Temperature: 0°C to 70°C 

¢ External Base Lead Allows 
"LED Peaking" and LED 
Current Adjustment 

e Recognized Under the 
Component Program of 
ULL. (File No. E55361) for 
Dielectric Withstand Proof 
Test Voltages of 2500 VAC. 

¢ VDE 0883 Approval 
Pending 


e Hermetic Equivalent 
Device Available (HCPL- 
1930/1) 


Description 


The HCPL-2602/12 optically 
coupled line receivers combine a 
GaAsP light emitting diode, an 
input current regulator and an 
integrated high gain photo 
detector. The input regulator 
serves as a line termination for 
line receiver applications. It 
clamps the line voltage and 


Outline Drawing 


9.40 (.370) 
| 9.90 (.390) 










e 
one Lr 


7 


4) ln _178 (070) MAX. 
—+— 1.19 (.047) MAX. 





| 4.70 (.185) MAX. 
ieee +IN 0 
t ost (.020) 


MIN “Ine 





2.92 (.115) MIN. 
—>|||+—0.65 (.025) MAX. 
2.28 (.090) 
2.80 (.110) 


r| 
0.76 (.030) ) 
1.40 (.055) 









HEWLETT 
PACKARD 


G; 





HCPL-2602 
HCPL-2612 


regulates the LED current so 
line reflections do not interfere 
with circuit performance. 


The regulator allows a typical 
LED current of 8.5 mA before it 
starts to shunt excess current. 
The output of the detector IC is 
an open collector Schottky 
clamped transistor. An enable 
input gates the detector. The 
internal detector shield provides 
a guaranteed common mode 
transient immunity specifica- 
tion of 1000 V/us for the 2602, 
and 3500 W/us for the 2612. 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken 
in handling and assembly of this component to prevent damage and/or degradation which may be induced by 
ESD. 
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DC specifications are defined 
similar to TTL logic. The 
optocoupler ac and de 
operational parameters are 
guaranteed from 0°C to 70°C 
allowing trouble-free interfacing 
with digital logic circuits. An 
input current of 5 mA will sink 
an eight gate fan-out (TTL) at 
the output. 


The HCPL-2602/12 are useful 
as line receivers in high noise 
environments that conventional 
line receivers cannot tolerate. 
The higher LED threshold 
voltage provides improved 
immunity to differential noise 
and the internally shielded 
detector provides orders of 
magnitude improvement in 
common mode rejection with 
little or no sacrifice in speed. 


Applications 

¢ Isolated Line Receiver 

¢ Simplex/Multiplex Data 
Transmission 

¢ Computer-Peripheral 
Interface 


e Microprocessor System 
Interface 


¢ Digital Isolation for A/D, 
D/A Conversion 

¢ Current Sensing 

¢ Instrument Input/Output 
Isolation 

¢ Ground Loop Elimination 


¢ Pulse Transformer 
Replacement 


Schematic 








TRUTH TABLE 
(POSITIVE LOGIC) 
USE OF A0.1 uF BYPASS CAPACITOR 
CONNECTED BETWEEN PINS 5 AND 8 
IS RECOMMENDED. (SEE NOTE 1). 

















Input Current, Low Level 250 


High Level Enable Voltage 





*The initial switching threshold is 5 mA or less. It is recommended that an input 
current between 6.3 mA and 10 mA be used to obtain best performance and to 
provide at least 20% LED degradation guardband. 


Absolute Maximum Ratings 
(No derating required up to 85°C) 


Storage Temperature .............ccessssssssesssssssessssesssteceenes -55°C to +125°C 
Operating Temperature ..........cccccccccccscecsssececeeeeeeeeseeceeens -40°C to 85°C 
Lead Solder Temperature ............c.cccccccecccssssssscssssesesenees 260°C for 10s 
(1.6 mm below seating plane) 

Forward Input Current 21) cissiccssscnataviousseienisarritoncoastommedats 60 mA 
Reverse Input Current iieissncctee cs aainios ctateenwis acessories eas 60 mA 
Supply Voltage —V,,. (1 Minute Maximum) ....... eee 7V 
Enable: Input: Voltage: = V issues regeeecttVacounsbatacdduiptdiangageiscasncays 5.5 V 
(Not to exceed V,,, by more than 500 mV) 

Output Collector Current — 1, .0.......:ccccsscessssesesseesonenseeneronseeseees 25 mA 
Output Collector Power Dissipation ............ccccccccccccceceseeeeeeeeees 40 mW 
Output Collector Voltage = V 6% ..ccccsssentcedeeesassssecttcscasstssasetereevacns TV 
Mnput-Carrent:.. Pai 4 coches cocvesvacvticrscessacsbteousaesssiostvisvestenasesisiesas +10 mA 


**Selection for higher output voltages up to 20 V is available. 
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Electrical Characteristics 
Over recommended temperature (T, = 0°C to +70°C) unless otherwise specified. See note 1. 


Units} Test Conditions | Fig. | Note 


Voc = 5.5 V, Vo = 5.5 V, 
I, = 250 pA, V, = 2.0 V 
Voc = 5.5 V, 1,=5 mA, 
ve = 2.0 V, 

Tae. (Sinking) = 138 mA 


Voc = 5.5 V, I, = 0 mA, 
V, =0.5 V 


Voc = 5.5 V, I, = 10 mA, 
V,, = 0.5 V 


Voc = 5.5 V, Vz = 2.0 V 


= 


ax. 


00 







High Level Output 


Current 


oF 
cS 
* 
a 

















Low Level Output 
Voltage 








High Level Supply 
Current 








Low Level Supply 13 


Current 


High Level Enable 
Current 


Low Level Enable 
Current 


High Level Enable 
Voltage 


Low Level Enable 
Voltage 










=: = 


' 
a 
1 
= 
ep) 


Voo = 5.5 V, Vz = 0.5 V- 













i 
bdo 


a 
— S | 
OQ : : 
bo we) 
~ | op 
i BE 





Input Voltage 





Input Reverse 0.95 


Voltage 


I 





Input Capacitance “a pF 

Input-Output Viso | 2500 Views | RH< 50%, t=1min | 
Insulation T, = 25°C 

Resistance R 


I-O 


(Input-Output) 


Capacitance C 
(Input-Output) 
*All typicals at V,, = 5 V, T, = 25°C. 


1-0 


Notes: 


1. Bypassing of the power supply line is required, with a 0.1 uF ceramic disc capacitor adjacent to each optocoupler as 
illustrated in Figure 14. The power supply bus for the optocoupler(s) should be separate from the bus for any active loads. 

2. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted together. 

3. The t,,,, propagation delay is measured from the 3.75 mA point on the trailing edge of the input pulse to the 1.5 V point on 
the trailing edge of the output pulse. 

4. Thet,,,, propagation delay is measured from the 3.75 mA point on the leading edge of the input pulse to the 1.5 V point on 
the lee ding edge of the output pulse. 

5. The t,,,, enable propagation delay is measured from the 1.5 V point on the trailing edge of the enable input pulse to the 
1.5 V point on the trailing edge of the output pulse. 

6. The t,,,, enable propagation delay is measured from the 1.5 V point on the leading edge of the enable input pulse to the 1.5 V 
point on the leading edge of the output pulse. 
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Switching Specifications 
Over recommended temperature (T, = 0°C to +70°C), V,, = 5 V, I, = 7.5 mA, unless otherwise specified. 


cc 
Propagation Delay 
Time to High Output 
Level 
Time to Low Output 
Level 
Pulse Width eaten 
Distortion 
Output Rise Time 
(10-90%) 


touy 
tou 
hei ee | 
t. 
Output Fall Time t, 
(90-10%) 
HCPL-2602 1000 {10,000 
ICM,, | 
HCPL-2612 | 3500 
L 


























Propagation Delay 


ee —_ 
a] ~] 
So an} 2 on 


5 


rel 

On aS << 
pa] a lg 

* 


bo 
3) 8 
< < 
io 7) if) 


5 5 


5 


14 
20 
15 

0 





Propagation Delay 3 
Time of Enable from 


View tO Ver 


R,, = 350 Q, C, = 15 pF, 


V,.=0V,V,,=3V 




















Propagation Delay 
Time of Enable from 
Vin te Vex 


R,, = 350 Q, C, = 15 pF, 
Ve. =O V, Vi, =3V 





Common Mode 
Transient 
Immunity at High 
Output Level 






Common Mode HCPL-2602 | 1000 |10,000 Voy = 50 V Vowmax = 0-8 V, 
Transient ICM. | R,, = 350 Q, 
Immunity at Low HCPL-2612 | 3500 = V.4 = 300V | 127.5 mA, 
Output Level T, = 25°C 





*All typical values are at V,, = 5 V, T, = 25°C. 


Insulation Related Specifications 


Parameter Symbol Conditions 
Measured from input terminals to 


Min. External Air Gap L (101) >7 mm 
(Clearance) output terminals 
Min. External Tracking Path L (102) >7 mm Measured from input terminals to 
(Creepage) output terminals 
0.08 mm Through insulation distance - 
conductor to conductor _ 


DIN IEC 112/VDE 0303 Part 1 


Min. Internal Plastic Gap 
(Clearance) 
Tracking Resistance 


Isolation Group Material Group DIN VDE 0109 
(per DIN VDE 0109) IIIa | 


7. CM,, is the maximum tolerable rate of rise of the common mode voltage to assure that the output will remain in a high logic 





state (i.e., Voy_ > 2.0 V). 

8. CM, is the maximum tolerable rate of fall of the common mode voltage to assure that the output will remain in a low logic 
state (i.e., Vy. < 0.8 V). | 

9. For sinusoidal voltages, 


Id 
You! = 1f...Va. (p-p) 


ae CM CM 
dt max 


10. No external pull up is required for a high logic state on the enable input. 
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Voc = 5.5V 
Vo = 5.5V 
Ve = 2.0V 
1; = 250nA 














loy — HIGH LEVEL OUTPUT CURRENT — LA 




















0 
-60 -40 -20 0 20 40 60 80 100 


T ,a— TEMPERATURE - °C 


Figure 1. High Level Output 
Current vs. Temperature. 





Vo - OUTPUT VOLTAGE - V 














|; - FORWARD INPUT CURRENT —- mA 


Figure 4. Output Voltage vs. 
Forward Input Current. 











tp — PROPAGATION DELAY — ns 








1, - PULSE INPUT CURRENT - mA 


Figure 7. Propagation Delay (t 


) 
vs. Pulse Input Current. si 


PULSE GEN. 























Vo_~ LOW LEVEL OUTPUT VOLTAGE -- V 











T ,— TEMPERATURE - °C 


Figure 2. Low Level Output Voltage 
vs. Temperature. 


+5V 







Zo= 50Q 
tr = 5ns 







OUTPUT Vo 


*C, IS APPROXIMATELY 15 pF WHICH INCLUDES = 
PROBE AND STRAY WIRING CAPACITANCE. 


INPUT 
i 





OUTPUT 
Vo 








Figure 5. Test Circuit for t,,, and 
t 


PLE’ 

















tp — PROPAGATION DELAY — ns 





|; - PULSE INPUT CURRENT ~- mA 


Figure 8. Propagation Delay (t 


put) 
vs. Pulse Input Current. 
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Figure 3. Input Characteristics. 


tpLH, RL = 4KQ. 








tp — PROPAGATION DELAY — ns 








0 
-60 -40 -20 0 20 40 60 80 100 


T ,- TEMPERATURE ~ °C 
Figure 6. Propagation Delay vs. 
Temperature. 


INPUT Ve 
MONITORING NODE 








PULSE GEN. 
Zo= 5002 
tr = 5ns 
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Figure 10. Enable Propagation 
Delay vs. Temperature. 


Ta - TEMPERATURE - °C 


Figure 11. Rise and Fall Time vs. 
Temperature. 
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Figure 12. Test Circuit for Common 
Mode Transient Immunity and 
Typical Waveforms. 
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Figure 13. Input Threshold Current 
vs. Temperature. 


Using the HCPL-2602/12 
Line Receiver 
Optocouplers 


The primary objectives to fulfill 
when connecting an optocoupler 
to a transmission line are to 
provide a minimum, but not 
excessive, LED current and to 
properly terminate the line. The 


internal regulator in the HCPL- 


2602/12 simplifies this task. 
Excess current from variable 
drive conditions such as line 
length variations, line driver 
differences and power supply 





SEE NOTE 1 


Figure 14. Recommended Printed 
Circuit Board Layout. 


fluctuations are shunted by the 
regulator. In fact, with the LED 
current regulated, the line 
current can be increased to 
improve the immunity of the 
system to differential-mode- 
noise and to enhance the data 
rate capability. The designer 
must keep in mind the 60 mA 
input current maximum rating 
of the HCPL-2602/12 in such 
cases, and may need to use 
series limiting or shunting to 
prevent overstress. 
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Design of the termination 
circuit is also simplified; in most 
cases the transmission line can 
simply be connected directly to 
the input terminals of the 
HCPL-2602/12 without the need 
for additional series or shunt 
resistors. If reversing line drive 
is used it may be desirable to 
use two HCPL-2602/12 or an 
external Schottky diode to 
optimize data rate. 
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Polarity Non-Reversing 
Drive 

High data rates can be obtained 
with the HCPL-2602/12 with 
polarity non-reversing drive. 
Figure (a) illustrates how a 
745140 line driver can be used 
with the HCPL-2602/12 and 
shielded, twisted pair or coax 
cable without any additional 
components. There are some 
reflections due to the “active 
termination" but they do not 
interfere with circuit perform- 
ance because the regulator 
clamps the line voltage. At 
longer line lengths t,, 4 
increases faster than t,,,, since 
the switching threshold is not 
exactly halfway between 
asymptotic line conditions. If 
optimum data rate is desired, a 
series resistor and peaking 
capacitor can be used to 
equalize t,,,, and t,,,,. In 
general, the peaking capaci- 
tance should be as large as 
possible; however, if it is too 
large it may keep the regulator 
from achieving turn-off during 
the negative (or zero) excursions 
of the input signal. A safe rule: 


make C < 16t 


where: 

C = peaking capacitance in 
picofarads 

t = data bit interval in 
nanoseconds 


Polarity Reversing 
Drive _ 

A single HCPL-2602/12 can also 
be used with polarity reversing 
drive (Figure b). Current 


reversal is obtained by way of _ | 


the substrate isolation diode 
(substrate to collector). Some 
reduction of data rate occurs, 
however, because the substrate 


diode stores charge, which must 
be removed when the current 
changes to the forward 
direction. The effect of this is a 
longer t,,,,-- This effect can be 
eliminated and data rate 
improved considerably by use of 
a Schottky diode on the input of 
the HCPL-2602/12. 


For optimum noise rejection as 
well as balanced delays a split- 
phase termination should be 
used along with a flip-flop at the 
output (Figure c). The result of 
current reversal in split-phase 
operation is seen in Figure (c) 
with switches A and B both 
OPEN. The coupler inputs are 
then connected in ANTI- 
SERIES; however, because of 
the higher steady-state termina- 
tion voltage, in comparison to 
the single HCPL-2602/12 
termination, the forward 
current in the substrate diode is 
lower and consequently there is 
less junction charge to deal with 
when switching. 


Closing switch B with A open is 
done mainly to enhance common 
mode rejection, but also reduces 
propagation delay slightly 
because line-to-line capacitance 
offers a slight peaking effect. 
With switches A and B both 
CLOSED, the shield acts asa 
current return path which 
prevents either input substrate 
diode from becoming reversed 
biased. Thus the data rate is 
optimized as shown in 

Figure (c). 


Improved Noise 
Rejection 


Use of additional logic at the | 
output of two HCPL-2602/12s, 
operated in the split phase 
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termination, will greatly 
improve system noise rejection 
in addition to balancing 
propagation delays as discussed 
earlier. 


ANAND flip-flop offers infinite 
~ common mode rejection (CMR) 
- for NEGATIVELY sloped 


common mode transients but 
requires t,,,, > tp,;, for proper 
operation. A NOR flip-flop has 
infinite CMR for POSITIVELY 
sloped transients but requires 
tor, < tp,,; for proper operation. 
An exclusive-OR flip-flop has 
infinite CMR for common mode 
transients of EITHER polarity 
and operates with either 


Con, > Yer OF bo, < tor 


With the line driver and 
transmission line shown in 
Figure (c), toy, > toy, 80 NAND 
gates are preferred in the R-S 
flip-flop. A higher drive 
amplitude or different circuit 
configuration could make 

tou, < tpzy in which case NOR 
gates would be preferred. If it is 
not known whether t,,,, > t 
tou, < tpyy, or if the drive 
conditions may vary over the 
boundary for these conditions, 
the exclusive-OR flip-flop of 
Figure (d) should be used. 


RS-422 and RS-423 

Line drivers designed for RS- 
422 and RS-423 generally __ 
provide adequate voltage and 
current for operating the HCPL- 
2602/12. Most drivers also have 
characteristics allowing the 
HCPL-2602/12 to be connected 
directly to the driver terminals. 
Worst case drive conditions, 
however, would require current 
shunting to prevent overstress 
of the HCPL-2602/12. 
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NAND flip ftop tolerates 
simultaneously HIGH 
inputs; NOR flip flop 
tolerates simultaneously 
LOW inputs; EXCLUSIVE- 
OR flip flop tolerates 
simultaneously HIGH OR 
LOW inputs without 
causing either of the 
outputs to change. 


NAND FLIP FLOP 





en a a 





EXCLUSIVE OR FLIP FLOP EXCLUSIVE OR FLIP FLOP 


Figure d. Flip-Flop Configurations. 
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Dual Channel High CMR High 
Speed TTL Compatible 


Optocoupler 
Technical Data 


Features _ _ 

e Internal Shield for High 
Common Mode Rejection 
(CMR) 

HCPL-2631: 1000 V/us @ 
Vom = 50 V 

HCPL-4661: 5000 V/s @ 
Vou = 1000 V 

e High Density Packaging 

¢ Low Input Current 
Capability: 5 mA 

e High Speed: 10 MBd 
Typical 

e LSTTL and TTL 
Compatible 

e Guaranteed AC and DC 
Performance Over 
Temperature: 0°C to 70°C 

¢ Recognized Under the 
Component Program of 
ULL. (File No. E55361) for 
Dielectric Withstand Proof 
Test Voltages of 2500 VAC, 
1 Minute. 

¢ VDE 0883 Approval 
Pending 

¢ Hermetic Equivalent 
Device Available (HCPL- 
5630/1) 


Description 


The HCPL-2630/HCPL-2631/ 


4661 are dual channel optically 
coupled logic gates that combine 
GaAsP light emitting diodes 


_ and integrated high gain photo- 


detectors. The photons are 
collected in the detector by a 
photodiode and the current is 
amplified by a high gain linear 
amplifier that drives a Schottky 


_ clamped open collector output 


transistor. Each circuit is tem- 
perature, current and voltage 


compensated. The internal 


shield provides a guaranteed 


Outline Drawing 


| + 2:40 (.370) | 
9.90 (.390) 


788 (310) 310) 





RECOGNITION | 


el |< 1.78 (.070) MAX. 
<— 1.19.(.047) MAX. 





Le 70 (. i MAX. 






| ANODE, 


(A) packanc 





HCPL-2630 
HCPL-2631 
HCPL-4661 


common mode transient im- 
munity specification of 1000 V/ 
us for the 2631, and 5000 V/us 
with the HCPL-4661. 


The unique design provides 
maximum AC and DC circuit 
isolation while achieving 
LSTTL and TTL compatibility. 
The optocoupler AC and DC 
operational parameters are 
guaranteed from 0°C to 70°C. 
The dual channel design 
minimizes space and results in 
increased convenience. 





CATHODE, 


a (.020) 
MIN. CATHODE,| 3 | 
| | 2.92 (.115) MIN. 


0.76 (.030) _! >|||<— 0.65 (.025) MAX. 


TROUORG) |e a 28 LOGO) 
2.80 (.170) 








ANODE, 





DIMENSIONS IN MILLIMETRES AND (INCHES). 
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The HCPL-2630/263 1/4661 are 
recommended for high speed 
logic interfacing, input/output 
buffering, and for use as line 
receivers in environments that 
conventional line receivers 
cannot tolerate. The HCPL- 
2630/2631/4661 can be used for 
the digital programming of 
machine control systems, 
motors and floating power 
supplies. The internal shield 
makes the HCPL-2631/4661 
ideal for use in extremely high 
ground or induced noise 
environments. 


Applications 

¢ Isolation of High Speed 
Logic Systems 

e Microprocessor System 
Interfaces 


¢ Isolated Line Receiver 


¢ Computer-Peripheral 
Interfaces 


e Ground Loop Elimination 
¢ Digital Isolation for A/D, 
D/A Conversion 





HC PL-2631/4661 SHIELD 


USE OF A 0.1 uF BYPASS CAPACITOR CONNECTED 
BETWEEN PINS 5 AND 8 IS RECOMMENDED (SEE NOTE 1). 


Figure 1. Schematic. 


Recommended Operation Conditions 


— ao 


Input Current, Low Level 
Each Channel 


Input Current, High Level 
Each Channel 


Supply Voltage, Output Pet 











Fan Out (TTL Load) 
Each Channel 
Operating Temperature 


*The initial switching threshold is 5 mA or less. It is recommended that input 
current between 6.3 mA and 10 mA be used to obtain best performance and to 
provide at least a 20% LED degradation guardband. 


n, 
c 
wi 
a ar 
tiger 4. 
> 
8 
ce 
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Absolute Maximum Ratings 


(No Derating Required up to 85°C) 
Storage Temperature................0. 
Operating Temperature................. 
Lead Solder Temperature ............ 


Average Forward 


ieast eee eeeussat oie ieee -55°C to +125°C 
Pease shabaclendachonaaeeeeat -40°C to +85°C 
bd eicadinesdiascrveueiueaies 260°C for 10s 


(1.6 mm below seating plane) 


Input Current (each channel, See note 2) ...........cccccssssseceeeee 15mA 
Reverse Input Voltage (each channel) .............cccccsccscesosccsesceeseeeeees 5V 
Supply Voltage —V,,. (1 Minute Maximum) oo... eeseeeeees 7V 
Output Collector Current — I, (each channel)... eee 16 mA 
Output Collector Voltage — V, (each channel)** woos 7V 
Output Collector Power Dissipation (each channel) ................ 60 mW 


**Selection for higher output voltages up to 20 V is available. 
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Electrical Characteristics | 
Over recommended temperature (T, = 0°C to +70°C) unless otherwise specified. See note 1. 


Parameter 


High Level Output 
Current 
















100 





Voc = 5.5 V, 1, =5 mA, 
I, (Sinking) = 13 mA 


Low Level Output 
Voltage 


N 
«| ef 







pom 







High Level Supply — 15 A | Voc = 5.5 V, 1, = 0 mA 
Current (Both Channels) 
Low Level Supply 21 A | V,,=5.5V,I,=10mA 
Current (Both Channels) 

75 


—_ 
Or 


Input Forward 
Voltage 


: me | © @ 
oO} * 
*% 


T, = 25°C 


V I, = 10 pA, © 
p V, = 0, f= 1 MHz 7 





ae 
— 


Input Reverse 
Breakdown Voltage 


Q td 


| 
Q 
Q 
al 

pa 

o>) 


Bi 


Input Capacitance 






ae 
1¢.) 
oO 


Input Diode | 
Temperature -1.6 mV/°C| I,=10mA 
Coefficient 

Input-Output Viso | 2500 Vams | RH < 50%, t = 1 Min 
Insulation T, = 25°C 






Relative 
Humidity = 45% 
t=5s,V,,=500V 


Input-Input Leakage 0.005 


Current «| 





a" 


Resistance 101! 


(Input-Input) 








n r Lal : 
— 


Capacitance Cc. 
(Input-Input) 


=e] let 


_* 


Resistance 10/2 


(Input-Output) 


Capacitance 
(Input-Output) 


bo 
On 
aa 2 





*All typical values are at V,, = 5 V, T, = 25°C. 
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Switching Specifications 
Over recommended temperature (T, = 0°C to +70°C), V,, =5 V, I 


is , = 7.5 mA, unless otherwise specified. 
Propagation Delay 
toy 
Propagation Delay 
Time to Low Output 
























100 


Ss 


s |T, = 25°C 
Time to High F100 | 
100 Ss 
tou. 
Level 


Output Level fi ame | 
Ae ee 

Pulse Width Itoup-tpua | 

Distortion 


Output Rise Time t. 20 
(10-90%) 
1om, | HoPL-2631 


45 
55 


n 
n 
n 


(90-10%) 
















Common Mode Voy = 10 V TV eaain) 
Transient R 50 Q 
Immunity at High Vou = 50 V 
Output Level 

HCPL-4661 10,000 Vou = 1000 V 

Common Mode HCPL-2630 | | 800 Vine a0 ¥ 
Transient 
Immunity at Low ICM, | HCPL-2631 | 1000 | 10,000 V/us | V,, = 50 V 
Output Level 

HCPL-4661 10,000 Voy = 1000 V 





*All typical values are at V,, = 5 V, T, = 25°C. . 
Insulation Related Specifications 


Symbol 
Min. External Air Gap L 01) >7 mm Measured from input terminals to 
(Clearance) output terminals 
Min. External Tracking Path L (102) >7 mm Measured from input terminals to 
(Creepage) output terminals 
Min. Internal Plastic Gap 0.08 mm Through insulation distance 
(Clearance) conductor to conductor 
Tracking Resistance DIN IEC 112/VDE 0303 Part 1 


Isolation Group Material Group DIN VDE 0109 
(per DIN VDE 0109) Illa 


Notes: 
1. Bypassing of the power supply line is required, with a 0.1 pF ceramic disc capacitor adjacent to each optocoupler as 
illustrated in tele 15. Total lead length between both ends of the capacitor and the isolator pins should not exceed 20 mm. 
ly bu er(s) should 






The power supp s for the optocoup be separate from the bus for any active loads. 
2. Peaking circuits may produce transient input currents up to 50 mA, 50 ns maximum pulse width, provided average current 
does not exceed 15 mA 
3. Each channel. 
4. Measured between pins 1, 2, 3, and 4 shorted together, and pins 5, 6, 7, and 8 shorted together. 
5. Measured between pins 1 and 2 shorted together, and pins 3 and 4 shorted together. 
6. The t,,,, propagation delay is measured from the 3.75 mA point on the trailing edge of the input pulse to the 1.5 V point on 
the trailing edge of the output pulse. 
7. The t,,,, propagation delay is measured from the 3.75 mA point on the leading edge of the input pulse to the 1.5 V point on 
the leading edge of the output pulse. 
8. CM, e pe a ns rate of rise of the common mode voltage to assure that the output will remain in a high logic 
state (i.e., > 2.0 V). 
9. CM, is the maximum tolerable rate of fall of the common mode voltage to assure that the output will remain in a low logic 
state (i.e., V...> 0.8 V). 
10. For sinusoidal voltages, 
Idv,,! 
ae = ThoyVou (P-P) 
dt max 


11. As illustrated in Figure 15 the V,, and GND traces can be located between the input and the output leads of the 
HCPL-2630/2631/4661 to provide additional noise immunity at the compromise of insulation capability. 
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HIGH LEVEL OUTPUT CURRENT - uA 
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Vg — OUTPUT VOLTAGE - V 


tp - PROPAGATION DELAY - ns 
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Figure 2. High Level Output 
Current vs. Temperature. 
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Figure 5. Output Voltage vs. 
Forward Input Current. 
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Figure 7. Propagation Delay vs. 
Temperature. 
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Figure 3. Low Level Output Voltage 
vs. Temperature. 
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Figure 6. Test Circuit for t 
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Figure 4. Input Diode Forward 
Characteristic. 
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Figure 9. Propagation Delay ( t 
vs. Pulse Input Current. : 
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Figure 10. Rise and Fall Time vs. 
Temperature. 
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Figure 11. Test Circuit for Common 
Mode Transient Immunity and 
Typical Waveforms. 
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*DIODE D1 (1N916 OR EQUIVALENT) 1S NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT. 






LAL 


Figure 13. Recommended TTL/ 
LSTTL to TTL/LSTTL Interface 


Circuit. 


He GND BUS (BACK) 


OUTPUT 1 


= OUTPUT 2 


Figure 15. Recommended Printed Circuit Board Layout. 
See notes 1, 11. 
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Figure 12. Temperature Coefficient of 
Forward Voltage vs. Input Current. 
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Figure 14. Input Threshold Current 
vs. Temperature. 
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Small Outline High CMR, 
High Speed, Logic Gate 


Optocouplers 
Technical Data 


Features 

¢ Surface Mountable 

¢ Industry Standard SOIC-8 
Footprint 

¢ Compatible with intéared 
Vapor Phase Reflow and 
Wave Soldering Processes 


e Internal Shield for High 
Common Mode Rejection 
(CMR) 

HCPL-0601: 1000 V/s at 
Vow = 50 V 

HCPL-0611: 5000 V/us at 
Vom = 1000 V 

e High Speed: 10 Mbd 
Typical 

¢ LSTTL/TTL Compatible 


¢ Low Input Current 
Required: 5 mA 
e Guaranteed ac and de 


Performance Over Tem- 
perature: 0°C to 70°C 


e Strobable Output 


e Recognized under the 
Component Program of 
U.L. (File No. E55361) for 


Dielectric Withstand Proof 


Test Voltage of 2500 Vac, 1 
Minute 


Description 

These small outline high CMR, 
high speed, logic gate 
optocouplers are single channel 
devices in an industry standard 
SOIC-8 footprint. They are 
electrically equivalent to the 
following HP optocouplers: 


Small Outline Standard DIP 


HCPL-0600 6N137 
HCPL-0601 |= HCPL-2601 
HCPL-0611 HCPL-2611 


Outline Drawing* 






5.842 + 0.203 





ossrxoo7e"H_ E Bi Parr — 


(0.016 + 0.003) (0.050) 


5.080 + 0.005 


— + = 


3.175 + 0.127 


(0.125 + 0.005) 1.524 
(0.060) 


LEAD COPLANARITY + .0:951 
(0.002) 





“HP” IS MARKED ON THE UNDERSIDE 


OF THE PACKAGE 


(0.236 + 0.008) 


TYPE NUMBER 
(LAST 3 DIGITS) 
DATE CODE 


CA eackanp 





HCPL-0600 
HCPL-0601 
HCPL-0611 


The SOIC-8 package does not 
require "through holes" in a 
PCB. This package occupies 
approximately one-third the 
footprint area of the standard 
dual-in-line package. The lead 
profile is designed to be 
compatible with standard 
surface mount processes. 


The HCPL-0600/01/11 optically 
coupled gates combine a GaAsP 
light emitting diode and an 











f Th oaze:s00ss 


ne (0.009 + 0.001) + 0. 001) 


0.152 +0. a _ 
(0.006 + 0.002) 9.406 
(0.016) 


DIMENSIONS IN MILLIMETRES AND (INCHES). 





MIN 


*See notes, following page. 


CAUTION: The small junction sizes inherent to the design of this bipolar component increases the component's suscepti- 


bility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and 





assembly of this component to prevent damage and/or degradation which may be induced by ESD. 
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integrated high gain photon 
detector. An enable input allows 
the detector to be strobed. The 
output of the detector I.C. is an 
open-collector Schottky-clamped 
transistor. The internal shield 
provides a guaranteed common 
mode transient immunity 
specification for the 
HCPL-—0601/11. 


This unique design provides 
maximum ac and dc circuit 
isolation while achieving TTL 
compatibility. The optocoupler 
ac and dc operational param- 
eters are guaranteed from 0°C 
to 70°C allowing trouble free 
system performance. 


The HCPL-0600/01/11 are 
suitable for high speed logic 
interfacing, input/output 
buffering, as line receivers in 
environments that conventional 
line receivers cannot tolerate 
and are recommended for use in 
extremely high ground or 
induced noise environments. 


Applications 

e Isolated Line Receiver 

¢ Simplex/Multiplex Data 
Transmission 

¢ Computer-Peripheral 
Interface 

e Microprocessor System 
Interface 

¢ Digital Isolation for A/D, 
D/A Conversion 

e Switching Power Supply 

e Instrument Input/Output 
Isolation | 

¢ Ground Loop Elimination 

e Pulse Transformer 
Replacement 


Schematic 


IF 
2+ | 
| 
| 
| 
Ve am 
f 


HCPL-0601/11 SHIELD 





il 


A 0.01 TO 0.1 » F BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 
PINS 8 AND 5 (See Note 1). 


Recommended Operating Conditions 


Input Current, Low Level 
Input Current, High Level 


Supply Voltage, Output 


Low Level Enable Voltage 
Fan Out (TTL Load) 
Operating Temperature 


*The initial switching threshold is 5 mA or less. It is recommended that an input 
current between 6.3 mA and 10 mA be used to obtain best performance and to 
provide at least 20% LED degradation guardband. 


; 
Lt 
Voc 
V 
N 
T, 





Absolute Maximum Ratings 
(No Derating Required up to 85°C) 


Storage Temperature .............cccceeccseeeeseeeneerteaeeeeeeneeee -55°C to +125°C 
Operating Temperature ...............cccssssseesceececceceeceeeeeeeees -40°C to 85°C 
Infrared and Vapor Phase Reflow Temperature ......... 215°C for 90s 
_ Forward Input Current — I, (see Note 2) .0...... cc cceeeeeetees 20 mA 
Reverse ln put-V O1bage sy cocwea cisasisssvarecniva asec nee eater ieaeraies 5V 
Supply Voltage = V ge. vssiesdcsscsdinessvesseesoataeass 7 V (1 Minute Maximum) 
EBnableInput Voltage: Vj sscic.ceisvssccassanvenstan ston tendeechosusaaexideuenasae 5.5 V 
(Not to exceed V,,, by more than 500 mV) 

Output Collector Current — 1p, ......:ccscssccscsesssssseseccsscsssesnsssceneees 50 mA 
Output Collector Power Dissipation ........... ce eeeeessseseeeceeeeeeees 85 mW 
Output Collector Voltage — V,, (see Note 12) 0.0... cc eeeseeseenseneees 7V 
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Electrical Characteristics | | 
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified. (See note 1.) 


[Parenter [svi [in [ye [nox [Unita] Condone | i [Nowe 
High Level Output 100 | pA | V,,=5.5V,V,=5.5V, 
Current I, = 250 pA, V, = 2.0 V 
Low Level Output Voc = 5.5 V, 1, =5 mA, 
Voltage Va. 0.4— V V,, = 2.0 V, 
‘ I, Sinking) = 13 mA 
High Level Supply 7.5: | 10 mA = 5.5 V,I,=0mA, 
Current =0.5V 


Low Level Supply mA ye = 5.5 V, I, =10mA, 
Current p70.5V 


High Level Enable mA = 5.5 V, V, =2. OV 
Current 
Low Level Enable -1.6 mA | V,, =5.5 V, V, = 0.5 V 
Current 


High Level Enable 
Voltage 


Low Level Enable Vien 
Voltage 


Input Forward 












cr 
po 
ay 


Voltage 





as 
On 
oe die 
0 ~] 
On On 


Input Reverse 
Breakdown Voltage 


Input Capacitance C, 


V;=0,f= 1 MHz 


F 


3 







Input Diode 






' 
as 
fo>) 


Temperature mV/°C| I,=10mA_ 


Coefficient © 


- 
° . 
id oe 
a 


Input-Output Vies 
Insulation 


2500 aus | RH < 50%, t = 1 MIN 


Resistance 1014 


(Input-Output) 


| Vio = 500 V 


| f= 1 MHz 


Capacitance 
(Input-Output) 


*All typicals at T, = 25°C, V,, = 5 V. 
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Switching Specifications 
Over recommended temperature (T, = 0°C to 70°C), V,,. =5 V, I 


CC 
Syme | Devoe [in 


Propagation Delay aE 


= 7.5 mA unless otherwise specified. 


Test Conditions 


a = 25°C 


F 





Ce 
=] 


pale 
n nm = 
n 






















Time to High 
Output Level 







Propagation Delay 
Time to Low 
Output Level 


Pulse Width 
Distortion 


Output Rise Time 
(10-90%) 


Output Fall Time t, 
(90-10%) 


Propagation Delay 


ns 


| 
< 
** 


a J 
Ou or 
























Time of Enable tins n 

from V,,,, to V, 

Propagation Delay R,, = 350 Q, C, = 15 pF, 
Time of Enable tei n Ve, =0V,V.,=3V 


from Vy. to Ve 


HCPL-0600 

ICM,! | HCPL-0601 
HCPL-0611 sono] 
HCPL-0600 Sa 


*All typicals are at V,, = 5 V, T, = 25°C. 








Common Mode 
Transient 
Immunity at High 

Output Level 


V = 2 V, 


O( MIN) 


I, =0mA, 
Vow = 1000 V T, = 25°C 


V = 0.8 V, 
T, = 25°C 


Voy = 10 V 
O¢( MAX) 
= 1000 V 









fee 








Common Mode 
Transient 

Immunity at Low 

Output Level 

















A 





Notes: 


1. Bypassing of the power supply line is required with a 0.1 pF ceramic disc capacitor adjacent to each optocoupler. The power 
supply bus for the optocoupler(s) should be separate from the bus for any active loads. 

2. Peaking circuits may produce transient input currents up to 50 mA, 50 ns maximum pulse width, provided average current 
does not exceed 20 mA. 

3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted together. 

4, The t,,,, propagation delay is measured from the 3.75 mA point on the trailing edge of the input pulse to the 1.5 V point on 
the trailing edge of the input pulse to the 1.5 V point on the trailing edge of the output pulse. 

5. The t,,,, propagation delay is measured from the 3.75 mA point on the leading edge of the input pulse to the 1.5 V point on 
the leading edge of the output pulse. 

6. The t,,,, enable propagation delay is measured from the 1.5 V point on the trailing edge of the enable input pulse to the 
1.5 V point on the trailing edge of the output pulse. 

7. The t,,,, enable propagation delay is measured from the 1.5 V point on the leading edge of the enable input pulse to the 1.5 V 
point on the leading edge of the output pulse. 

8. CM,, is the maximum tolerable rate of rise of the common mode voltage to assure that the output will remain in a high nogie 
state (i.e., Vou > 2-0 V). 

9. CM, is the maximum tolerable rate of fall of the common mode voltage to assure that the output will remain in a low logic 
state (i.e., Vour < 0.8 V). 

10. For sinusoidal voltages, 


ldv,..| 
( cM Ve = ThoaVom (p-p) 


11. No external pull up is required for a high logic state on the enable input. 
12. Selection for higher output voltages up to 20 V is available. 
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fou — HIGH LEVEL OUTPUT CURRENT - LA 




















0 . 
-60 -40 -20 0 20 40 60 80 


Ta — TEMPERATURE - °C 


Figure 1. High Level Output 
Current vs. Temperature. 





Vo - OUTPUT VOLTAGE - V 


0 1 2 3 


100 





=§ 
=2 
= 5) 


3 <u 


V o.- LOW LEVEL OUTPUT VOLTAGE - V 





20 40 60 80 


T, — TEMPERATURE -— °C 


Figure 2. Low Level Output Voltage 
vs. Temperature. 











PULSE 
GENERATOR 
Zo =500 
t=t-=5ns 






Input O 
Monitoring 
Node Ru 


4 5 6 
OUTPUT 


*C, is approximately 15 pF, which includes 
probe and stray wiring capacitance. 


100 














< 
—E 10 
] 
K 
= 
te 
c 40 
ae | 
oO 
Qa 
=< 01 
<0. 
jeg 
Oo 
Le 
| 0.01 
_— 
0.001 


1.10 


1.20 


VF- FORWARD VOLTAGE ~ VOLTS 


Figure 3. Input Diode Forward 
Characteristic. 








Output Vo 
Monitoring 
Node 





|; - FORWARD INPUT CURRENT - mA vo CY nee 
Figure 4. Output Voltage vs. . _ Figure 5. Test Circuit for t,,, and 
Forward Input Current. | a 


Voc = 5.0V 


teHL, Ri = 350Q 


tras Ru) ca\_1-T\ | 
eee 





s/s 


CO = 
i tpiys Ry = 3500 


text, RL = 4KQ 


tp — PROPAGATION DELAY — ns 


Ta — TEMPERATURE - °C 


Figure 6. Propagation Delay vs. 
Temperature. 





t p - PROPAGATION DELAY — ns 





{-- PULSE INPUT CURRENT - mA 


Figure 7. Propagation Delay (t 
vs. Pulse Input Current. 


pL) 
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tp — PROPAGATION DELAY - ns 


100 





IF—- PULSE INPUT CURRENT —mA 


Figure 8. Propagation Delay (t 


pu) 
vs. Pulse Input Current. 













PULSE 
GENERATOR 


Zo = 500 
t=t,=5 ns 


Input V- 
Monitoring Node 


Output Vo 
Monitoring 
Node 


*Cy is approximately 15 pF, which includes 
probe and stray wiring capacitance. 


~ — ——- 3.0V 








INPUT 
Mer. eet eee 
—4> ten, K— —*| TeLH i 
OUTPUT | 
MO NS 2a pce ce ee See 1.5V 
Figure 9. Test Circuit for t d 
tog 


35082 
Output Vo 
O Monitoring 
Node 


-— — — Vem (PEAK) 


Vv 
SWITCH AT A: I, =0 


aN, fe a ee eG 
oO . 


SS VG (min.) 
SWITCH AT B: Ip = 7.5 mA 


Vv ts Vo (max.) 
OE cel” Nc cM, 


Figure 12. Test Circuit for Common 
Mode Transient Immunity and 
Typical Waveforms. 




















t e— ENABLE PROPAGATION DELAY — ns 











0 
-60 -40 -20 0 20 40 60 80 100 


Ta — TEMPERATURE - °C 


Figure 10. Enable Propagation 
Delay vs. Temperature. 























dV / dT - FORWARD VOLTAGE 
TEMPERATURE COEFFRIENT — mV/°C 









































|-- PULSE INPUT CURRENT —- mA 


Figure 13. Temperature Coefficient 
of Forward Voltage vs. Input 
Current. 
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tr, tp - RISE, FALL TIME — ns 




















0 
60 -40 -20 0 20 40 60 80 100 


Ta - TEMPERATURE - °C 


Figure 11. Rise and Fall Time vs. 
Temperature. 























It — INPUT THRESHOLD CURRENT - mA 














0 
$0 -40 -20 0 20 40 60 80 100 


Ta - TEMPERATURE - °C 


Figure 14. Input Threshold Current 
vs. Temperature. 
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High Speed Optocouplers 


Technical Data 


Features 


e Very High Common Mode 
Transient Immunity: 15000 
Vius at V.,, = 1500 V 
Guaranteed (HCPL-4503) 

e High Speed: 1 Mb/s 

¢ TTL Compatible 

e Guaranteed ac and dc 


Performance Over 
Temperature: 0°C to 70°C 


¢ Open Collector Output 


¢ Recognized under the 
Component Program of 
ULL. (File No. E55361) for 
Dielectric Withstand Proof 
Test Voltages of 2500 Vac, 
1 Minute and 5000 Vac, 1 
Minute (Option 020). 

¢ VDE 0883 Approval 
Pending 


Description 

These diode-transistor opto- 
couplers use an insulating layer 
between the light emitting 
diode and an integrated photon 
detector to provide electrical in- 
sulation between input and out- 
put. Separate connections for 


the photodiode bias and output 
transistor collector increase the 
speed up to a hundred times 
over that of a conventional 
photo-transistor coupler by 
reducing the base-collector 
capacitance. 


The 6N135 is for use in TTL/ 
CMOS, TTL/LSTTL or wide 
bandwidth analog applications. 


Current transfer ratio (CTR) for 


Outline Drawing 


= 9.401.370) 
9.90 (.390) 


TYPE NUMBER 
DATE CODE 


UL 
RECOGNITION 









| 
aa eee 1.78 (.070) MAX. 


ual = 1.19 (047) MAX. 


| 4.70 (.185) MAX. 
tos (.020) 
MIN. 


2.92 (.115) MIN. 
0.65 (.025) MAX. 

2.28 (.090) 

2.80 (.110) 


0.76 (.030) | 
1.40 (.055) 


G3 HEWLETT 


PACKARD 





6N135 

6N136 
HCPL-2502 
HCPL-4502 
HCPL-4503 





the 6N135 is 7% minimum at 
I, = 16 mA. 


The 6N136 is designed for high 
speed TTL/TTL applications. A 
standard 16 mA TTL sink 
current through the input LED 
will provide enough output 
current for 1 TTL load and a 5.6 
kQ pull-up resistor. CTR of the 
6N136 is 19% minimum at 

I,= 16 mA. 








DIMENSIONS IN MILLIMETRES AND (INCHES). 


*See notes, following page. 


CAUTION: The small junction sizes inherent to the design of this bipolar component increases the component's susceptibility 
to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and 


assembly of this component to prevent damage and/or degradation which may be induced by ESD. 
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The HCPL-2502 is suitable for 
use in applications where 
matched or known CTR is 
desired such as in the feedback 
path of switch-mode power 
supplies. CTR is 15 to 22% at 
1, = 16mA. 


The HCPL-4502 provides the 
electrical and switching per- 
formance of the 6N136 with 
increased ESD protection. 


The HCPL-4503 is an 
HCPL-4502 with increased com- 
mon mode transient immunity 
of 15000 V/us minimum at 

Voy = 1500 guaranteed. 


Applications 

¢ Video Signal Isolation 

e Line Receivers — High com- 

mon mode transient immunity 

(>1000 V/s) and low input- 

output capacitance (0.6 pF). 

High Speed Logic Ground 

Isolation — TTL/TTL, TTL/ 

LTTL, TTL/CMOS, TTL/ 

LSTTL. 

Replace Slow Phototran- 

sistor Isolators — Pins 2-7 of 

the 6N135/6 series conform to 
pins 1-6 of 6 pin phototransis- 
tor couplers. Pin 8 can be tied 
to any available bias voltage 
of 1.5 V to 30 V for high speed 
operation. 

° Replace Pulse Transform- 
ers — Save board space and 
weight 

e Analog Signal Ground Iso- 
lation — Integrated photon 
detector provides improved 
linearity over phototransistor 
type. 


Absolute Maximum Ratings 


Storage Temperature * ................ 
Operating Temperature” .............. 
Lead Solder Temperature® ........... 


Average Input Current — I,*......... 
Peak Input Current — I,*.............. 


sevetatasspiuptatetsseedeotts -55°C to +125°C 
Sutacaeaascainiettsateececines -55°C to 100°C 
Seavin dia aoaeena eee ckines 260°C for 10s 


(1.6 mm below seating plane) 


se asdeuty detest Ceersleeatnce tenes 25 mA#! 
ssa deeautevaserd eine orwesaadorees 50 mA”! 
(50% duty cycle, 1 ms pulse width) 
Peak Transient Input Current — I,* 


sisudae tues aanaasialeachedawencss tous seenes 1OA 


Reverse Input Voltage — V,,* (Pin 3-2) ooo... ce ceecceseesceeseneceeeneeeees 5V 
Input Power Dissipation® .........ccccccscccsceesssssscsssressesensesceseeees 45 mW®! 
Average Output Current — 1,* (Pin 6)... eeseessceeseeeseeeeeeees 8 mA 
Peak Output Currene si scisacccsnsavarnepcaatnistieziseeesc eed eaekoiesseneees 16 mA 
Emitter-Base Reverse Voltage *..........ccccccccccceseccesececeececcecececceceeeeres 5V 


(Pin 5-7, except HCPL-4502/3) 


Output Voltage* — V,, (Pin 6-5) ...... cs ceceesceseseeseeeeeeeees -0.5 V to 15 V 
Supply Voltage* — V., (Pin 8-5) wo... cceceecseseessceeteeeeees -0.5Vto15V 
Output Voltage —V, (Pin 6-5) oo... eee eeeteceeeeeneeeees -0.5 V to 20 V 
Supply Voltage — Vig (Pin 8-5) occ ccsessesercressseneseeeeres -0.5 V to 30 V 
Base Current — I,* (Pin 7, except HCPL-4502/2) ...........ccscsesee 5 mA 
Output Power Dissipation™ ..............ccccccccsecceesessesssssscreeceeeeees 100 mW"! 


*JEDEC Registered Data (The HCPL-2502 and HCPL-4502/3 are not registered.) 
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Schematic 
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HCPL-4503 | 


SHIELD 
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**NOTE: FOR HCPL-4502/3, PIN 7 IS NOT CONNECTED 
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Electrical Specifications 


Over recommended a (T, 


oxi 
Current 
Transfer ‘| CTR* 6N136 
Ratio HCPL-4502 
. HCPL-4503 


6N135 


6N136 
HCPL-2502 
HCPL-4502 
HCPL-4503 


Logic Low 
Output 
Voltage 


Logic High 
Output 
Current 


Input Forward 
Voltage 


Input Reverse 
Breakdown 
Voltage 


Temperature 
Coefficient of 
Forward 
Voltage 


Input 
Capacitance 


Input-Output 
Insulation 
Voltage 


Resistance 
(Input-Output) 
Capacitance a 


(Input-Output) 


Transistor DC 
Current Gain 


= 0°C to Tula unless otherwise specified. See note 13. 


= 25°C; V, =0.4V 


ce 


ao 


co = 15.0 V I,=0 mA 


200 iota = Open, 
Veg = 15 


= 15V 


7 


r 
| ice 
°C 
Mitel 
a) 
Eas 





*For JEDEC registered parts. **All typicals at T, = 25°C. 
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Switching Specifications 
Over recommended temperature (T, = 0°C to 70°C), V,, = 5 V, I, = 16 mA unless otherwise specified. 


Test Conditions Fig. |Note 


Propagation Delay 

Time to Logic Low 

at Output 
HCPL-2502 
HCPL-4502 
HCPL-4503 


Propagation Delay 

Time to Logic High 

at Output 6N136 
HCPL-2502 
HCPL-4502 
HCPL-4503 


Common Mode 

Transient HCPL-2502 
Immunity HCPL-4502 
at Logic High 

Level Output 


Common Mode 
Transient HCPL-2502 p=l. 10 |7, 8,9 
Immunity HCPL-4502 

at Logic Low 


Level Output R, = 1.9kQ| I, = 16 mA, T, = 25°C 


A 


F ree ’ 
Voy = 1500 V_ 


Bandwidth | MHz See Test Circuit 


*For JEDEC registered parts. 
**All typicals at T, = 25°C. 


Notes: 

. Derate linearly above 70°C free-air temperature at a rate of 0.8 mA/°C. 

. Derate linearly above 70°C free-air temperature at a rate of 1.6 mA/°C. 

. Derate linearly above 70°C free-air temperature at a rate of 0.9 mW/°C. 

. Derate linearly above 70°C free-air temperature at a rate of 2.0 mW/°C. 

. CURRENT TRANSFER RATIO in percent is defined as the ratio of output collector current, I, to the forward LED input 
current, I,, times 100. | 

. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 

. Common mode transient immunity in a Logic High level is the maximum tolerable (positive) dV,,/dt on the leading edge of 
the common mode pulse, V,,,, to assure that the output will remain in a Logic High state (i.e., V, > 2.0 V). Common mode 
transient immunity in a Logic Low level is the maximum tolerable (negative) dV,,,/dt on the trailing edge of the common 
mode pulse signal, V,,, to assure that the output will remain in a Logic Low state (i-e., V, < 0.8 V). 

8. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and the 5.6 kQ pull-up resistor. 
9. The 4.1 kQ load represents 1 LSTTL unit load of 0.36 mA and 6.1 kQ pull-up resistor. 

10. The frequency at which the ac output voltage is 3 dB below its mid-frequency value. 

11. The JEDEC registration for the 6N136 specifies a minimum CTR of 15%. HP guarantees a minimum CTR of 19%. 

12. See Option 020 data sheet for more information. 


13. Use of a 0.1 uf bypass capacitor connected between pins 5 and 8 is recommended. 


Ou G DO eR 


“1 5 
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Insulation Related Specifications 





Io — OUTPUT CURRENT - mA 








‘Conditions 


Parameter _ Symbol | Value 
Min. External Air Gap 


- Measured from input terminals to output 


(Clearance) — terminals 







Min. External Tracking 
Path (Creepage) 


L(102) 
Min. Internal Plastic 
Gap (Clearance) | 


Measured from appa terminals to output 
terminals 


Insulation thickness between emitter and 
detector a 


| 175 | Volts DIN IEC 112/VDE 0303 Part 1 


a Material Group DIN VDE 0109 





Tracking Resistance CTI 


Isolation Group 
(Per DIN VDE 0109) 


on ome == §6N135 
6N136, HCPL-4502/3 





NORMALIZED 
lpF=16mA 

Vo =0.4V 
Vec=5V 








NORMALIZED CURRENT TRANSFER RATIO 





COO yea Pee Ip- INPUT CURRENT - mA. 


Figure 1. DC and Pulsed Transfer Characteristics. Figure 2. Current Transfer Ratio vs. Input Current. 





















































1000 11 
2 
_ 
q * 
100 oc 1.0 
t fc NORMALIZED 
a tp=16mA 
5 10 4 Vo = 0.4V 
i = 09 
x kb 
B 1.0 ray 
oa oc . 
[neq ac 
< 3 08 
© 0.1 a 
© N 
a 
bad <4 
~ = 07 
0.01 oc 
O. 
2 
aT ae | _ 06-49-2070 20 40 60 80 100 120 140 
V F- FORWARD VOLTAGE - VOLTS Ta- TEMPERATURE - °C 
Figure 3. Input Current vs. Forward Voltage. Figure 4. Current Transfer Ratio vs. Temperature. 
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If =16mMA, Voc =5.0V 
——— 6N135 (RL = 4.1kQ) 


2 6N136, HCPL-2502, 
HCPL-4502/3 (RL = 1.9k) 
> 1500 

4 

~l 

WwW 

a 

5 

= 1000 

c 

Q 

< 

a. 

4 

a 500 


Ta - TEMPERATURE - °C 














lon — LOGIC HIGH OUTPUT CURRENT — nA 





Ta — TEMPERATURE — °C 


Figure 5. Propagation Delay vs. Temperature. Figure 6. Logic High Output Current vs. Temperature. 
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— SMALL SIGNAL CURRENT TRANSFER RATIO 


Mo 
ave 


Figure 7. Small-Signal Current Transfer Ratio vs. 


Quiescent Input Current. 





I¢ — QUIESCENT INPUT CURRENT — mA 











NORMALIZED RESPONSE — dB 


f — FREQUENCY — MHz 


Figure 8. Frequency Response. 
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+12V © 
0 +12V 








2V5 


(1 MQ 12 pF 
TEST INPUT) 


Q, ’ Qo, Q3: 2N3904 


TYPICAL LINEARITY = + 3% AT Vin = 1 Vp-p 
TYPICAL SNR = 50dB 

TYPICAL Ry = 3750 

TYPICAL Vo dc = 3.8V 

TYPICAL Ip = 9mA 
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Figure 9. Switching Test Circuit.* 





SWITCH AT A: Ip=0mA 


Vo 





mee Vot 
SWITCH AT B: Ip = 16mA 


O +5V 






10% DUTY CYCLE 
1/f < 100us 


lp MONITOR 





PULSE GEN. = 


Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 


mae le = 10mMA 
Ip=16mA 

Vec = 5.0V 

Taz= 25°C 





tp— PROPAGATION DELAY — ys 





1 2 3 4 5 678910 


-R,_ - LOAD RESISTANCE — KQ 


Figure 11. Propagation Delay Time vs. Load Resistance. 


*JEDEC Registered Data 
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OUTLINE DRAWING 
9.40 (.370) 
9.90 (.390) 





| 4.70 (.185) MAX. 
{ CATHODE, 


0.51 (.020) 
MIN. CATHODE, 
2.92 (.115) MIN. 


ea Pe (.025) MAX. 
2.28 (.090) 
2.80 (.110) 
DIMENSIONS IN MILLIMETRES AND (INCHES) 


| 
0.76 (.030) 


1.40 (.055) BNOR Es 





Features 


e HIGH SPEED: 1 Mb/s 

e TTL COMPATIBLE 

e VERY HIGH COMMON MODE TRANSIENT 

IMMUNITY: 15000 V/us @ Voy = 1500 V 

GUARANTEED (HCPL-4534) 

HIGH DENSITY PACKAGING 

3 MHz BANDWIDTH 

OPEN COLLECTOR OUTPUTS 

RECOGNIZED UNDER THE COMPONENT 

PROGRAM OF ULL. (FILE NO. E55361) FOR 

DIELECTRIC WITHSTAND PROOF TEST 

VOLTAGES OF 2500 Vac, 1 MINUTE 

© VDE 0883 APPROVAL AVAILABLE 

e MIL-STD-1772 VERSION AVAILABLE 
(HCPL-5530/31) 


Description 


These dual optocouplers contain a pair of light emitting 
diodes and integrated photo detectors with electrical insu- 
lation between input and output. Separate connection for 
the photodiode bias and output transistor collectors 
increase the speed up to a hundred times that of a con- 
ventional phototransistor coupler by reducing the base- 
collector capacitance. 


The HCPL-2530 is for use in TTL/CMOS, TTL/LSTTL or 
wide bandwidth analog applications. Current transfer ratio 
(CTR) for the -2530 is 7% minimum at Ir = 16 mA. 


The HCPL-2531 is designed for high speed TTL/TTL appli- 
cations. A standard 16 mA TTL sink current through the 
input LED will provide enough output current for 1 TTL 


DUAL HIGH SPEED 
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HCPL-2530 
HCPL-2531 
HCPL-4534 


OPTOCOUPLER 


SCHEMATIC 


HCPL-4534 
SHIELD 





load and a 5.6 kQ pull-up resistor. CTR of the -2531 is 19% 
minimum at If = 16 mA. : 


The HCPL-4534 is an HCPL-2531 with increased common 
mode transient immunity of 15000 V/us minimum at Voy = 
1500 V guaranteed. 


Applications 


® Line Receivers — High common mode transient immuni 
(>1000V/ys) and low input-output capacitance (0.6pF). 

® High Speed Logic Ground Isolation — TTL/TTL, TT 
LTTL, TTL/CMOS, TTL/LSTTL. 

@ Replace Pulse Transformers — Save board space and weig 

@ Analog Signal Ground Isolation — Integrated photon d& 
tector provides improved linearity over phototransistor type. 

@ Polarity Sensing. 

© Isolated Analog Amplifier — Dual channel packaging en- 
hances thermal tracking. 


Absolute Maximum 


Storage Temperature 
Operating Temperature 
Lead Solder Temperature 


OPTOCOUPLERS 


Ratings 
-55°C to +125°C 
-55°C to +100°C 
a tha ton tae eee 260°C for 10s 
(1.6mm below seating plane) 
Average Input Current — Ie (each channel) 25mA11] 
Peak Input Current — I¢ (each channel) 50mA [2] 
(50% duty cycle, 1 ms pulse width) 
Peak Transient Input Current — Ip (each channel) .... 1.0A 
(X1us pulse width, 300pps) 


Reverse Input Voltage — Vy (each channel) ......... 5V 
Input Power Dissipation (each channel) ........ 45mWw 3] 
Average Output Current — lg (each channel) ....... 8mA 
Peak Output Current — Io (each channel). ......... 16mA 
Supply Voltage - Vcc (Pin 8-5) .......... - 0.5V to 30V 
Output Voltage - Vo (Pin 7,6-5) ......... - 0.5V to 20V 

Be. ae 35mwil4]) 


Output Power Dissipation (each channel) 


See notes, following page. 










Electrical Specifications 


Over recommended temperature (Ta = o°c to 70°C) unless otherwise specified. See note 13. — 


[Parameter [Sym 


Current Transfer 
Ratio — 





Logic Low Output 
Voltage 


Logic High Output 


Current 





Logic Low Supply 
Current 


Logic High Supply 


Current 





Input Forward 
Voltage 


input Reverse 
Breakdown Voltage 


Temperature 
Coefficient of 
Forward Voltage 





Input Capacitance 


Input-Output 
insulation Voltage 


’ Resistance 
(Input-Output) 


Capacitance 

(Input-Output) 
Input-Input 
Insulation 

| Leakage Current 





Resistance 
(Input-Input) 








Capacitance 
(Input-Input) 


“All typicals at 25°C. 
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Switching Specifications 


Over recommended temperature (Ta = 0°C to 70°C), Voc = 5 V, I- = 16 mA, unless otherwise specified. 















































; HCPL-2530 

Propagation Delay | 2.0 59. | 10.11 

Time to Logic Low PHL us ; { i ’ 

at Output HCPL-253' | | oe fk Ta = 25°C 1 
HCPL-4534 ; | 1.0 | 
HCPL-253 1.3 15 | Measles 

Propagation Delay pee | 2.0 | 

Time to Logic PLH us - 

High at Output HCPL-2531 p | os fk Ta = 25°C 
HCPL-4534 

Common Mode HCPL-2530 el 1000 ae RL = 4.1 ko Ty = 25°C. 

Transient HCPL-2531 a 41000 —_ Ri = 1.9 kO Vom = 10 Vp-p 

Immunity V/us 

peta RL =1.9k0 | Ta = 25°C 

Level Output L=1. A , 

Common Mode ewe! Ri = 4.1 ka Ta = 25°C, 

| Transient a a Ri = 1.9 kO | Voy = 10 Vp_p 
Immunity V/s 
at Logic Low 


Insulation Related Specifications 


Min. External Air Gap (Clearance) L(101) —_— a 


27 
[win iiral Pas Gap Clearance) |__| a8 
[soiton Group Ger mVOE CTO [| Wa 






Conditions 


Measured from input terminals to output terminals 







Measured from input terminals to output terminals 


Through insulation distance conductor to conductor 


Volts DIN IEC 112/VDE 0303 Part 1 


‘| Material Group DIN VDE 0109 


Notes: 

1. Derate linearly above 70°C free-air temperature at a rate of 0.8 mA/°C. common mode pulse, Voy, to assure that the output will remain ina 

2. Derate linearly above 70°C free-air temperature at a rate of 1.6 mA/°C. Logic High state (i.€., Vo > 2.0 V). Common mode transient immunity 

3. Derate linearly above 70°C free-air temperature at a rate of 0.9 mW/°C. in Logic Low level is the maximum tolerable (negative) dVoy4/dt on the 

4. Derate linearly above 70°C free-air temperature at a rate of 1.0 mW/°C. trailing edge of the common mode pulse signal, Voy, to assure that 

5. Each channel. the output will remain in a Logic Low state (i.e., Vo < 0.8 V). 

6. CURRENT TRANSFER RATIO is defined as the ratio of output 10. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and the 5.6 kO 
collector current, lo, to the forward LED input current, Ir, times 100%. pull-up resistor. 

7. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted 11. The 4.1 kN load represents 1 LSTTL unit load of 0.36 mA and 6.1 kO. 
together and Pins 5, 6, 7, and 8 shorted together. pull-up resistor. 

8. Measured between pins 1 and 2 shorted together, and pins 3 and 4 12. The frequency at which the ac output voltage is 3 dB below the low 
shorted together. frequency asymptote. 

9. Common mode transient immunity in Logic High level is the 13. Use of a 0.1 uF bypass capacitor connected between pins 5 and 8 is 
maximum tolerable (positive) dVg,4/dt on the leading edge of the recommended. 
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————— HCPL-2530 


eee HCPL-2531 


NORMALIZED | 
I; = 16mA 

Vo =0.4V 

Ty 


‘lg — OUTPUT CURRENT — mA 
NORMALIZED CURRENT TRANSFER RATIO 





Vo -- OUTPUT VOLTAGE — V _ ‘Ip — INPUT CURRENT — mA 


Figure 1. DC and Pulsed Transfer Characteristics. Figure 2. Current Transfer Ratio vs. Input Current. 


ae om oe ome HCPL-2530 
—ee HCPL-2531 


NORMALIZED 
I; = 16mA_ 
Vo =0.4V 
Vee = SV 





Ip — FORWARD CURRENT — mA 
NORMALIZED CURRENT TRANSFER RATIO 





Ve. — FORWARD VOLTAGE — VOLTS 





T, — TEMPERATURE — °C 


Figure 3. Input Current vs. Forward Voltage. Figure 4. Current Transfer Ratio vs. Temperature. 
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p — PROPAGATION DELAY — ns 


— SMALL SIGNAL CURRENT TRANSFER RATIO 


Alo 
Aly 


1500 


1000 





le = 16 mA, Vcc =5.0V 
om <= -2530 (RL = 4.1kQ) 


w= 2531 (RL = 1.9k2) 





Ty — TEMPERATURE —°C 


Figure 5. Propagation Delay vs. Temperature. 


ip — QUIESCENT INPUT CURRENT — mA 


Figure 7. Small-Signal Current Transfer Ratio vs. 
Quiescent Input Current. 
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lon — LOGIC HIGH OUTPUT CURRENT — nA 


NORMALIZED RESPONSE — dB 


Figure 6. 









Ta — TEMPERATURE — C° 


Logic High Output Current vs. Temperature. 





f — FREQUENCY — MHz 


0 +5V 


2N3053 


Figure 8. Frequency Response. 
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10% DUTY CYCLE 
1/f < 100us 





IF MONITOR O 


Figure 9. Switching Test Circuit. 











SWITCH AT A: te = O0mA 


Vo Pars EE ae SR TORE Ti OO VoL 


SWITCH AT B: If= 16mA 





PULSE GEN. 


Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 





--—=—If=10mA 
(p= 16mA 
Vcc = 5.0V 























tp—- PROPAGATION DELAY - us 








1 2 3 4 5 67 89 10 


R, - LOAD RESISTANCE - KQ 


Figure 11. Propagation Delay Time vs. Load Resistance. 
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Small Outline High Speed 


Optocouplers 
Technical Data 


Features 
e Surface Mountable 


¢ Industry Standard SOIC-8 
Footprint 

¢ Compatible with Infrared 
Vapor Phase Reflow and 
Wave Soldering Processes 

¢ Very High Common Mode 
Transient Immunity: 
15000 V/s at V,,, = 1500 V 
Guaranteed (HCPL-0453) 

¢ High Speed: 1 Mb/s 

e TTL Compatible 


e Guaranteed ac and dc 
Performance Over 
Temperature: 0°C to 70°C 

¢ Open Collector Output 

¢ Recognized Under the 
Component Program of 
U.L. (File No. E55361) for 
Dielectric Withstand Proof 
Test Voltage of 2500 VAC, 1 
Minute 


Description 

These small outline high CMR, 
high speed, logic gate opto- 
couplers are single channel 
devices in an industry standard 
SOIC-8 footprint. They are elec- 
trically equivalent to the 
following HP optocouplers: 


Small Outline Standard DIP 


HCPL-0500 6N135 
HCPL-0501 6N136 
HCPL-0452 HCPL-4502 
HCPL-0453 HCPL-4503 


The SOIC-8 package does not 
require "through holes” in a 
PCB. This package occupies 
approximately one-third the 
footprint area of the standard 
dual-in-line package. The lead 
profile is designed to be 
compatible with standard 
surface mount processes. 


Outline Drawing* 







5.842 + 0.203 
0.236 + 0.008) 


TYPE NUMBER 
(LAST 3 DIGITS) 
DATE CODE 











one OF CJ 
0.381 +0.076 .) |, — 
(0.016 + 0.003) “| |} 1.270 ggg 


(0.050) 





5.080 + 0.005 


_— + ees 
| 


3.175 + 0.127 


(0.125 + 0.005) 1.524 
(0.060) 





LEAD COPLANARITY + -2-051. 
(0.002) 


“HP” IS MARKED ON THE UNDERSIDE 


OF THE PACKAGE 


*Sce notes, following page. 





CA packano 





HCPL-0500 
HCPL-0501 
HCPL-0452 
HCPL-0453 





These diode-transistor 
optocouplers use an insulating 
layer between the light emitting 
diode and an integrated photon 
detector to provide electrical 
insulation between input and 
output. Separate connections for 
the photodiode bias and output 
transistor collector increase the 
speed up to a hundred times 
over that of a conventional 
photo-transistor coupler by 
reducing the base-collector 
capacitance. 


n 
co 
Lad 
| 
a. 
a) 
8 
& 
Oo 








4 0.228 + 0.025 
-F (0.009 + 0.001) 


0.152 + 0.051 
(0.006 + 0.002) 0.406 
(0.016) i 


DIMENSIONS IN MILLIMETRES AND (INCHES). 





CAUTION: The small junction sizes inherent to the design of this bipolar component increases the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken 
in handling and assembly of this component to prevent damage and/or degradation which may be induced by 


ESD. 
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The HCPL-0500 is for use in 
TTL/CMOS, TTL/LSTTL or 
wide bandwidth analog 
applications. Current transfer 
ratio (CTR) for the HCPL-0500 
is 7% minimum at I, = 16 mA. 


The HCPL-0501 is ; designed for 


Applications | 


¢ Video Signal Isolation | 


e Line Receivers — High 
common mode transient 
immunity (>1000 V/s) and 
low input-output capacitance 
(0.6 pF). 

¢ High Speed Logic Ground 


high speed TTL/TTL Isolation - TTL/TTL, TTL/ 
applications. A standard 16 mA LTTL, TTL/CMOS, TTL/ 
TTL sink current through the LSTTL. 

input LED will provide enough — « Replace Slow Photo- 


output current for 1 TTL load 

and a 5.6 kQ pull-up resistor. 

CTR of the HCPL-0501 is 19% 
minimum at I,= 16 mA. 


transistor Isolators — Pins 
2-7 of the HCPL-0500/0501 
series conform to pins 1-6 of 6 
pin phototransistor couplers. 


| Pin 8 can be tied to any | 
The HCPL-0452 provides the available bias voltage of 1.5 V 
electrical and switching per- to 30 V for high speed | 
formance of the HCPL-0501 operation. | 


with increased ESD protection. 


The HCPL-0453 is an 
HCPL-0452 with increased 
common mode transient — 


¢ Replace Pulse 
Transformers — Save board 
space and weight | 

e Analog Signal Ground | 
Isolation — Integrated photon 


immunity of 15000 V/us_ detector provides improved | 
minimum at V,,, = 1500 V linearity over phototransistor 
guaranteed. type. | 


Absolute Maximum Ratings 


Storage Temperature .0............ccccescessssssneceececeessescenees -55°C to +125°C 
Operating Temperature .............cccccscessssseeeceees tesesseeeee DOPE to 100°C 
Infrared and Vapor Phase Reflow Temperature ..........215°C for 90s 
Average Input Current — I, ec eeeeeeeeee: elected seek dona leres 25 mA! 
Peak Unput: Curren Toso. cee seston: tetassestaih a sbeanes tag castetesdacnansxees 50 mA”! 
(50% duty eycle, ‘1 ms pulse width) 

Peak Transient Input Current — 1p, oo... ce ccscssssssetenseeseeeseeneenee, 10A 
(sl ps al width, 300 pps) 

Reverse Input Voltage — V, (Pim 3-2) oo... ceessesssestscrseeseressseeees 5V 
Input Power Dissipation ................ccccsecessesevevessesceceeesveeees eset 45 mW"! 
Average Output Current — I, (Pin 6)... cesessssessseesesseeseeeesseens 8 mA 
Peak Output a ea 16 mA 
Emitter-Base Reverse Voltage ...:.........:::ssscssesessetes edgar eqneneis 5V 
o (Pin 5-7, axesot HCPL-0452/3) 

Output Voltage — V, (Pin 6-5) oe ceesseseesssecseeseennees -0.5 V to 20 V 
Supply Voltage — V., ¢ (Pin 8-5) ........ Reh eee aueness cca: -0.5 V to 30 V 
Base Current —I, (Pin 7, except HCPL.0459/3) csadesete asaai eluate 5mA 


Output Power Dissipation siuags ed inoras tala tane cag ease sions Pre 100 mW"! 
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‘Schematic 


HCPL- 0453 
SHIELD 





**NOTE: FOR HCPL-0452/3, PIN 7 IS NOT CONNECTED. 


Electrical Specifications - 
Over recommended temperature (T, = 0°C to 70°C), unless otherwise specified. (See note 11.) 


Parameter 


Current 

Transfer 

Ratio HCPL-0501 
HCPL-0452 
HCPL-0453 


HCPL-0500 

Logic Low 

Output 

Voltage HCPL-0501 
HCPL-0452 
HCPL-0453 


= 
Logic High 
Current 


Logic Low I, = 16 mA, V, = Open, 
Supply Vog = 15 V 
Current 


Lozic High 1 T, = 25°C] I, = 0 mA, V, = Open, 
Supply pA cc = 
Current 2 | 


Input Forward 
Voltage 


Input Reverse 
Breakdown 
Voltage 


OPTOCOUPLERS 


Temperature 


Coefficient of 
Forward 


Voltage 

Input Cin 
Capacitance 
Input-Output 
Insulation 

Resistance 
(Input-Output) 
Capacitance Cio 
(Input-Output) 
Transistor 


DC Current 
Gain V, =0.4 V, I, = 20 mA 





*All typicals at T, = 25°C. 
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Switching Specifications 
Over recommended temperature (T, = 0°C to 70°C), V 


oc = 5 V, I, = 16 mA unless otherwise specified. 
Sym. 


F 









id 


Parameter 









HCPL-0500 






Propagation Delay 
Time to Logic Low 
at Output 










7” | HCPL-0501 
| HCPL-0452 
HCPL-0453 


. 
HCPL-0500 g 
lene 










Propagation Delay 
Time to Logic High 
at Output 


— 
Go 


PLH 






HCPL-0501 
HCPL-0452 


— bt | pe bt 
ow) o;,o or 


a 
a 





HCPL-0453 


1 


HCPL-0500 


HCPL-0501 
HCPL-0452 

ICM, | 

HCPL-0453 






Common Mode 1 
Transient Immunity 
at Logic High 


Level Output 








HCPL-0500 


Common Mode | HCPL-0501 
Transient Immunity HCPL-0452 


at Logic Low ICM, | 
Level Output | 
HCPL-0453 15 30 


*All typicals at T, = 25°C. 


1 














Notes: 
. Derate linearly above 85°C free-air temperature at a rate of 0.5 mA/°C. 
. Derate linearly above 85°C free-air temperature at a rate of 1.0 mA/°C. 
. Derate linearly above 85°C free-air temperature at a rate of 1.1 mW/°C. . 
. Derate linearly above 85°C free-air temperature at a rate of 2.3 mW/°C. 
. CURRENT TRANSFER RATIO in percent is defined as the ratio of output collector current, I,, to the forward LED input 
current, I,, times 100. 7 ; 
. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 
The 2500 Vac/1 MINUTE CAPABILITY IS VALIDATED by a factory 3200 Vac/1 second dielectric voltage withstand test. 
7. Common mode transient immunity in a Logic High level is the maximum tolerable (positive) dV, ,/dt on the leading edge of 
the common mode pulse, V,,,, to assure that the output will remain in a Logic High state (i.e., V, > 2.0 V). Common mode 
transient immunity in a Logic Low level is the maximum tolerable (negative) dV,,/dt on the trailing edge of the common 
_ mode pulse signal, V,,,, to assure that the output will remain in a Logic Low state (i.e., V, < 0.8 V). . 
8. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and the 5.6 kQ pull-up resistor. 
9. The 4.1 kQ load represents 1 LSTTL unit load of 0.36 mA and 6.1 kQ pull-up resistor. 
10. The frequency at which the ac output voltage is 3 dB below its mid-frequency value. 


11. Use of a 0.1 pf bypass capacitor connected between pins 5 and 8 is recommended. 


Of He 


lop) 
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1 Ta = 25°C 
° Veco =5.0V c= 
-” - 


—_ 








!o- OUTPUT CURRENT - mA 
a 


Vo - OUTPUT VOLTAGE - V 


Figure 1. DC and Pulsed Transfer Characteristics. 








Ig - FOWARD CURRENT - mA 








1.10 1.20 1.30 1.40 1.50 


Vr - FOWARD VOLTAGE - VOLTS 


Figure 3. Input Current vs. Forward Voltage. 


ay I; = 16 mA, Vec = 50 V 


= = — — HCPL-0500 (R, = 4.17 kQ) 
HCPL-0501 /0452/0453 
(R, = 1.9 kf) 





1500 


1000 


tp- PROPAGATION DELAY - ns 





Ta- TEMPERATURE - °C 


Figure 5. Propagation Delay vs. Temperature. 


NORMALIZED 


NORMALIZED CURRENT TRANSFER RATIO 





0 1 10 100 


ip - INPUT CURRENT -mA 


Figure 2. Current Transfer Ratio vs. Input Current. 


1.1 


— — —HCPL-0500 
HCPL-0501/ 
7? 


0452/0453 


CES 
YN 


0.9 





0.8 
NORMALIZED 

_| ip=16mA 

0.7 [Vo =0.4V 


Vcc = 5V 





NORMALIZED CURRENT TRANSFER RATIO 


0.6 
-60 -20 20 60 100 140 


Ta - TEMPERATURE - °C 


Figure 4. Current Transfer Ratio vs. Temperature. 


——=——I-=10mA 
ip= 16mA 

Vcc = 5.0V 

Ta= 25°C 




















tp— PROPAGATION DELAY - is 





1 2 3 4 5 67 8910 


R,_ - LOAD RESISTANCE — KQ 


Figure 6. Propagation Delay Time vs. Load Resistance. 
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lon — LOGIC HIGH OUTPUT CURRENT — mA 


Ta- TEMPERATURE - °C 


Figure 7. Logic High Output Current vs. Temperature. 


a 
ao) 
Ww 
77) 
= 
ro) 
a. 
” 
ry 
[oa 
a 
wi 
N 
J 
<x 
= 
a 
co} 
=z 
f - FREQUENCY - MHz 
+12V ° 
0.1 pF 
47F 
Ver U 


12 


Figure 9. Frequency Response. 











UNITY GAIN 


0.30 en 
Ta = 25° C, Ri = 1009, Voc = 5V 





- SMALL SIGNAL CURRENT TRANSFER RATIO 


Alo 

Al¢ 
So 
a 
eo 
ss 
Ld 
—_ 
a 


25 


I- - QUIESCENT INPUT CURRENT - mA 


Figure 8. Small-Signal Current Transfer Ratio vs. 
Quiescent Input Current. 


ne - 
0.1 pF 

a 

bm |S 

oO >Vo 


(1 MQ 12 pF 
TEST INPUT) 


Q1,Q2,Q,: 2N3904 = 


TYPICAL LINEARITY = + 3% AT Vin = 1 Vp-p 
TYPICAL SNR = 50dB 

TYPICAL Ry = 3752 

TYPICAL Vo dc = 3.8V 

TYPICAL Ip = 9MA 
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PULSE GEN. 
Zo= 50Q 
tr =5ns 


0 +5V 


10% DUTY CYCLE 


1/f < 100s 


Ip MONITOR o 


100Q 


Figure 10. Switching Test Circuit. 


Vom 10V-- = 
- 10% 90% 90% 10% 
OV 
tr tt 


SWITCH ATA: Ip = OmA 
V, rrr enle iey, 
e Vor 
SWITCH AT B: Ip = 16mA 





PULSE GEN. 


Figure 11. Test Circuit for Transient Immunity and Typical Waveforms. 
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High Speed Optocouplers 


Technical Data 


Features 

e 5000 Vrms/1 Minute Insula- 
tion Withstand Capability 

¢ Worldwide Safety 
Approval 
UL1577 (File No. E55361) 
VDE 883/884/860/805/806/ 
804/750 
BS 415/7002/6301 
IEC 65/380/950/335/435/601 

° High Speed: 1 Mbit/s 

¢ TTL Compatible 

e Performance Guaranteed 
Over Temperature 0°C to 
70°C 

e Pin Compatible with 
6N135/6 and HCPL-4502 


Applications 

¢ High Voltage Insulation 

e Video Signal Isolation 

e Feedback Element in 
Switched Mode Power 
Supplies 

e Line Receivers: >1000 V/s 
common mode transient 
immunity and low input- 
output capacitance of 
0.6 pF 

e High Speed Logic Ground 
Isolation —- TTL/TTL, TTL/ 
CMOS, TTL/LSTTL 

e Replaces Pulse 
Transformers 


°e Analog Signal Ground 
Isolation — Integrated 
photon detector provides 
improved linearity over 
phototransistor type 
Replaces Slow Photo- 
transistor Isolators — Pins 
2-7 of the CNW 135/6 
conforms to pins 1-6 of 6 
pin phototransistor 
couplers. Pin 8 can be tied 
to any available bias 
voltage of 1.5 V to 30 V for 
high speed operation 


Package Outline 


11.30 
(445) = 
7 Le Ls] 









TYPE NUMBER 


HP DATE CODE 
CNW136 


YYWw 


PIN 
ONE 


uy a 
= |. 1.50 MAX 


(.059) . 


51 (.021) MIN. 


3.10 (.122) 

Le 3.90 (.154) 
40 (.016) 
56 (.022) 










1.70 (.067) 
1.80 (.071) 








2.54 (.100) TYP. 
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11.00 
(.433) MAX. 


5.10 (.201) MAX. 
jy 


AD packaro 





CNW135 
CNW136 
CNW4502 


Description 

These devices are high voltage 
and fast switching optocouplers 
consisting of an AlGaAs LED 
and a silicon photodetector. A 
wide body encapsulation is used 
to provide creepage and 
clearance dimensions suitable 
for safety approval by 
regulatory agencies worldwide. 


The CNW135 is for use in TTL/ 
CMOS, TTL/LSTTL or wide 
‘bandwidth analog applications. 


.20 (.008) 


30 Goa 










10.16 
————— TYP, 
9.00 4. (.400) 
(.354) °° 





DIMENSIONS IN MILLIMETERS AND (INCHES) 


Current transfer ratio (CTR) for 
the CNW135 is 7% minimum at 
I,= 16 mA. 


The CNW136 is designed for 
high speed TTL/TTL applica- 
tions. A standard 16 mA TTL 
sink current through the input 
LED will provide enough output 
current for 1 TTL load anda 
5.6K pullup resistor. CTR of the 
CNW136 is 19% minimum at 

I, = 16 mA. 


The CNW4502 provides the 
electrical and switching 
performance of the CNW 136, 
increased ESD protection and 
increased transient immunity. 


Regulatory Information 

The CNW135/6 features a wide body 8 PIN DIP. This package was 
specifically designed to meet regulatory requirements worldwide. 
The CNW135/6 has been approved by the following organizations: 


UL — Covered under UL component recognition FILE E55361 
VDE — Approved according to VDE 0883/6.80 
VDE 0884/08.87 certification pending 
Reference voltage (VDE 0110b Tab. 4): 
500 V AC/600 V DC 
Complied for reinforced insulation at 250 V AC with: 
DIN IEC 380/VDE 0806/8.81 
DIN IEC 435/VDE 0805 "ENTWURE" Nov 84 
DIN 57804/VDE 0804/1.83 (isolation group C) 
DIN VDE 0860/8.86/HD 195 S4 
DIN IEC 601 Teil 1/VDE 0750 Teil 1/5.82 
NORDIC — Tested for applications (reinforced insulation) — Class II 
applications for plugable apparatus in normal tight 
execution. 
-SETI-SEMKO-NEMKO-DEMKO-According to 
IEC 65-IEC380-IEC950-IEC335 
BSI — Certification according to BS415:1979, BS7002:1989 and 
BS6301: 1987 pending 
BABT  -— Certification pending 


Absolute Maximum Ratings Schematic 


Storage Temperature ...............-0006 
Operating Temperature ................. 
Lead Solder Temperature ............. 


Average Input Current — I, ........... 


bhaiep deste ceitaceoauiea ates -55°C to +150°C 
sSasusaeecususieectucastennes -55°C to 85°C 
Mestad tah cceee wate cemainend 260°C for 10s 2 ip» 


; ANODE 
(up to seating plane) + a4 
ert Gs aba h sO tldl cca thats saciends 100 mA CATHODE © 





ee 
za 
— ie 
8 
& 
oO 





Peak Transient Input Current — 1, «0.0... escesesceseetecneseeseensees 10A 
(<1 us pulse width, 300 Hz) oe 

Reverse Input Voltage — V,, (Pin 8-2) .......cccccccccsessseserssenseteeseeeeees 5V 

Input Power Dissipation (up to 70°C) ........ceeeeceeeeceeeeeeeee 250 mW* = **Note: For CNW4502, Pin 7 is not 
Average Output Current — I, (Pin 6) occ cecceeeeeteereeeeteeees 10mA_ connected. 

Emitter-Base Reverse Voltage (Pin 5-7) .........ccccccccceccececceceeeeceeeeees 5V 

Output Voltage — Vz, (Pin 6-5) oo... eeescseceseeeeeeeeeeennes -0.5 V to 20 V 

Supply Voltage — Vo, (Pin 8-5) oo... eeceesseeceseesteeneneeeeees -0.5 V to 30 V 

Base Current — I, (Pin 7, except HCPL-4502)...........eecsessseseesees 5 mA 

Output Power Dissipation ..............ccccccsssssssessecceceatssssesceeeeueees 100 mW 


*Dorate at 5.0 mW/°C for operating temperatures above 70°C. 


CAUTION: The small junction sizes inherent to the design of this bipolar component 
increases the component's susceptibility to damage from electrostatic discharge (ESD). 

It is advised that normal static precautions be taken in handling and assemby of this 
component to prevent damage and/or degradation which may be induced by ESD. 
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VDE oe Insulation Characteristics - e onus Approval ~ 


Description on ee | a Symbol 


Installation classification per DIN VDE 0109/12.83, Table 1 _ 
for rated mains voltage < 600 V,,,. | 
for rated mains voltage < 1000 Views 7 | 


Climatic Classification | | ao 
Pollution Degree (DIN VDE 0109/12.83)  . geen 


Maximum Working Insulation Voltage. a os 3 


Input to Output Test Voltage, Method b* a | 
Vo = 1.6 X Viopy» 100% Production Test with tp = ‘Isec, 
Partial Discharge<5pC | a 1600 


Input to Output Test Voltage; Method a. 
Vig = 1.2 x Viony, Type and sample test, —— | 3 | 
ip: = 60 sec, Partial Discharge<5pC ——— = Veg - | 
Highest Allowable Overvoltage* ie Vise 
(Transient Overvoltage, t;,= 10sec) _ | 
Safety-Limiting Values 2 | a 
(Maximum values allowed in the event tof a failure, 
also see Figure 9) 
Case Temperature 
Current (Input Current I,, P,, = 0) 


Output Power (obtained ae setting p pin 8=5.5 V, 
pins 7, 6, 5 = ground) 


Insulation Resistance at Tsp Vio= 500 Mi - 
Vio = 500 V- | 





*Refer to the front of the optocoupler section of the 1991 Designer’ s ‘Cilaing. under regulatory penne (VDE 0884) fora - 
detailed description. | 


Note: Isolation characteristics are guaranteed only within the safety maximum ratings ween must be ensured by protective 
circuts in the application. 


Insulation Related Specifications 


Symbol | 
L(IO Dy “| 9.6 Measured ee oat terminals to one 
Sue terminals 
Through insulation distance 
conductor toconductor 


Tracking Resistance DIN IEC 112/VDE 0303 PART 1 


Isolation Group Material group (DIN VDE 0109) 
(per DIN VDE 0109) IIIa 
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Parameter 


Min. External Air Gap 
(clearance) 




















Measured from input terminals to output 
terminals 


Min. External Tracking 
Path (creepage) 






Min. Internal Plastic Gap 
(clearance) 







Electrical Specifications 
Over Recommended Temperature (T, = 0°C to 70°C) unless otherwise specified. (See note 8.) 
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Current Transfer 
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Logic Low Output 
Voltage 


CNW 136 
CNW4502 





Logic High Output 


Current 1 
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Logic Low 
Supply Current 


200 












Logic High 
Supply Current 
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Input Forward 
Voltage 





Input Reverse 
Breakdown 
Voltage 


BIER SEE METE 


OPTOCOUPLERS 





Temperature 
Coefficient of 
Forward Voltage 
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: on on = ° 
nS) ° = = 


rom 
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Input Capacitance 


f= 1MHz, V,=0V 


RH < 50%, t = 1 min., 





Input-Output 
Insulation 
Voltage 






or 
4 = 
o 
2 2 =) 
- ~ & 
ron 
z= 
rw 
ow 





Resistance 
(Input-Output) 


Capacitance Cis 
(Input-Output) 


Transistor DC 
Current Gain 








V, = 0.4 V, I, = 40 pA 


*All typicals at T, = 25°C. 
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Switching Specifications .* Bete ot 8 
Over Recommended Temperature (T, = 0°C to 70°C), V.,,. = 5 V, I, = 16 mA, unless otherwise specified. 


Propagation Delay 


Time to Logic Low | [| 
at Output CNW136 
CNW4502 





; CNW135 
Propagation Delay 
Time to Logic High 
at Output CNW 136 
CNW4502 


Common Mode Tran- CNW135 A 000 


sient Immunity at Logic 
High Level Output : CNW136 | 1 ,000 
| CNW4502 


Common Mode Tran- CNW135 
sient Immunity at Logic | 1CM,| 
Low Level Output CNW136 | 1,000 
CNW4502 
Bandwidth BW CNW135 
CNW 136 


*All typicals are at T, = 25°C. 





Notes: 
1. CURRENT TRANSFER RATIO in percent is defined as the ratio of sata collector current, I,, to the forward LED input 
current, I,, times 100. 

2. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 

3. Common mode transient immunity in Logic High level i is the maximum tolerable (positive) dV, ,/dt on the leading edge of the 
common mode pulse V,,,, to assure that the output will remain in a Logic High state (i.e. V, > “3.0 V) Common mode transient 
immunity in Logic Low level is the maximum tolerable (negative) dV,,, dt on the trailing edge of the common mode pulse 
signal, V,,, to assure that the output will remain in a Logic Low state (i.e. V, > 0.8 V). 

. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and the 5.6 kQ pull-up youistor. 

. The 4.1 kQ load represents 1 LSTTL unit load of 0.36 mA and 6.1 kQ pull-up resistor. 

. The frequency at which the ac output voltage is 3 dB below the low frequency asymptote. 

. Each product is tested by applying an isolation test voltage of 6000 Vrms for 2 seconds. This test is in accordance with 
UL1577 and is performed in addition to the tests shown in the VDE0884 INSULATION CHARACTERISTICS TABLE. 


. Use of a 0.1 pf bypass capacitor connected between pins 5 and 8 is recommended for operation. 
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yW- INSYHND LNdLNO -91 


Ip - INPUT CURRENT - mA Vp - FOWARD VOLTAGE - VOLTS 


Vo - OUTPUT VOLTAGE - V 


Figure 3. Input Current vs 


Forward Voltage. 


Figure 2. Current Transfer Ratio 


vs Input Current 


Figure 1. DC and Pulsed Transfer 


Characteristics. 
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T6mA, Voc = 5.0V 
= = = — CNW135 (RL = 4.1kQ) 
CNW136 (Ry = 1.9kQ) 
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Ta- TEMPERATURE - °C Ta> TEMPERATURE - °C 


Ta - TEMPERATURE - °C 


Figure 6. Logic High Output 


Current vs Temperature. 


Figure 5. Propagation Delay vs 


Temperature. 


Figure 4. Current Transfer Ratio 


vs Temperature. 
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Ta (°C) 


LOAD RESISTANCE ~ R,_ (kQ) 


te - QUIESCENT INPUT CURRENT - mA 


Maximum Ratings with Ambient 


Figure 9. Dependence of Safety 
Temperature. 


Figure 8. Propagation Delay Time 


vs Load Resistance. 


Transfer Ratio vs Quiescent Input 


Figure 7. Small-Signal Current 
Current. 
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0.1 100 


# — FREQUENCY — MHz TYPICAL OUTPUT NOISE = 950 uVrms ~ Q4= 2N3904 
TYPICAL LINEARITY = +3% AT Vin=1 Vp» 
TYPICAL Vout de = 4.25 V 
TYPICAL I;=6 mA 


-5 


-10 


-15 


-20 


NORMALIZED RESPONSE — dB 


ad 





NOTE: ALL RESISTORS ARE 1% TOLERANCE; EXCEPT R, (162 2 +0.5 Q). 


Figure 10. Frequency Response. 








Ip MONITOR O 


Ru 


Figure 11. Switching Test Circuit. 


Vem -«i10V------ t, tg = Bns 





SWITCH AT A: I-=OmA 





SWITCH AT B: I, = 16mA | PULSE GEN. —_ 


Figure 12. Test Circuit for Transient Immunity and Typical Waveforms. 
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HEWLETT 
PACKARD 


G 


9.40 (.370) 


9.40 (.370) __.| OUTLINE DRAWING* 
9.90 (.390) 


TYPE NUMBER t 
DATE CODE oe Le 

7.36 (.290) 6.60 

7.88 (.310) 


RECOGNITION | 


2.92 (.115) MIN. 
NC 


=a = (025) MAX. 


0.76 (.030) | 
7.40 (055) |4_. 


Features 
e HIGH CURRENT TRANSFER RATIO — 2000% 
TYPICAL 

e LOW INPUT CURRENT REQUIREMENT — 0.5 mA 

e TTL COMPATIBLE OUTPUT — 0.1 V Vo, TYPICAL 

e PERFORMANCE GUARANTEED OVER 
TEMPERATURE 0°C TO 70°C 
BASE ACCESS ALLOWS GAIN BANDWIDTH 
ADJUSTMENT 

© HIGH OUTPUT CURRENT — 60 mA 

e RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF U.L. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE AND 5000 Vac, 
1 MINUTE (OPTION 020) 

e VDE 0883 APPROVAL AVAILABLE 
e MIL-STD-1772 VERSION AVAILABLE (HCPL-5700/1) 


Description 


These high gain series couplers use a Light Emitting Diode and 
an integrated high gain photo detector to provide extremely 
high current transfer ratio between input and output. Separate 
pins for the photodiode and output stage result in TTL com- 
patible saturation voltages and high speed operation. Where 
desired the Voc and Vo terminals may be tied together to 
achieve conventional photodarlington operation. A base ac- 
cess terminal allows a gain bandwidth adjustment to be made. 


The 6N139 is for use in CMOS, LSTTL or other low power 
applications. A 400% minimum current transfer ratio is guar- 
anteed over a 0-70°C operating range for only 0.5 mA of LED 
current. 


The 6N138 is designed for use mainly in TTL applications. 
Current Transfer Ratio is 300% minimum over 0-70°C for an 
LED current of 1.6 mA [1 TTL Unit load (U.L.)]. A 300% 
minimum CTR enables operation with 1 U.L. out with a 
2.2 kCO pull-up resistor. 


Selection for lower input current down to 250 yA is available 
upon request. 6- 


2.28 (.090) 


2.80 (.110) DIMENSIONS IN MILLIMETRES AND INCHES. 





LOW INPUT CURRENT, 
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GNI38 


HIGH GAIN | aug 


OPTOCOUPLERS 


SCHEMATIC 


Ve 


CATHODE ° 


Applications 


@ Ground Isolate Most Logic Families — TTL/TTL, CMOS/ 
TTL, CMOS/CMOS, LSTTL/TTL, CMOS/LSTTL 


@ Low Input Current Line Receiver — Long Line or Party line 
@ EIA RS-232C Line Receiver 

@ Telephone Ring Detector 

e 


117 V ac Line Voltage Status Indicator — Low Input Power 
Dissipation 


© Low Power Systems — Ground Isolation 


Absolute Maximum Ratings* 


(No Derating Required up to 85°C) 
Storage Temperature 
Operating Temperature** 
Lead Solder Temperature 


-40°C to +85°C 
pale Satie es weer 260°C for 10s 

(1.6 mm below seating plane) 
20 mA 


ee ee Pee ee ere ee 40 mA 
(50% duty cycle, 1 ms pulse width) 


Average Input Current — I, 
Peak Input Current — Ir 


eeoeerevreee eee ee eee eevee 


Peak Transient Input Current — Ip ................ 1.0A 

(S1 us pulse width, 300 pps) 
Reverse Input Voltage — Vp ...... cee eee ccc e eee eaes 5V 
Input Power Dissipation ..............es ee eeeee 35 mW 
Output Current — Io (PIN 6) ..... ce ee eee ee eee 60 mA 
Emitter-Base Reverse Voltage (Pin 5-7) ............ 0.5 V 


Supply and Output Voltage — Vcc (Pin 8-5), Vo (Pin 6-5) 
6N138 


Schsislal datavta abet t anna iceaase a:titane tava veanane wat -0.5to7V 
ONINSS: cd dovataeeeed vasar seme eee eae -0.5to 18 V 
Output Power Dissipation ................002- 100 mW 


CAUTION: The small junction sizes inherent to the design of this 
bipolar component increases the component's susceptibility to 
damage from electrostatic discharge (ESD). It is advised that 
normal static precautions be taken.in handling and assembly of 
this component to prevent damage and/or degraqavon whichmay 
be induced by ESD. 


*JEDEC Registered Data. __ 
**0° to 70° on JEDEC Registration. 


-55°C to +125°C J 
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Electrical Specifications — he 


Over recommended temperature (Ta = 0°C to 70°C), unless otherwise specified. (See note 7.) 


Logic High 


400* | 2000 lp = 0.5 MA Vo=0.4V, Voc = 4.5V 
CTR 
6N139 
Vo- 
6N138 
Output Current ow 


3500 F 
500* | 1600 | 2600 © |g = 1.6 MA, Vo = 0.4 V, Voc = 4.5 V 
Logic Low 
Supply Current CCL 


“2 
2 
















Current Transfer 
Ratio 







ro.) 
Pr 
—s 
oo 
re) 








Ip = 1.6 MA, Vo = 0.4 V, Voc = 4.5 V 


lp = 1.6mA, lo = 8 MA, Veco = 4.5 V 
lp =5 MA, lo = 15 MA, Voc = 4.5 V 
lp = 12 MA, lo = 24 MA, Voc = 4.5 V 


1600 | 2600 % 
0.4 


0.1 ; 
0.1 0.4 V 
0.2 0.4 


_ 2 

j 250 | uA |Ie=OmAYo=Voo=7V a 

; rs me is : sige os : . ee 

0.01 lp =O mA, Vo = Open, Voc =18V ied 
Vv 4 


Logic Low 
Output Voltage 





lp = 1.6 MA, 19 = 4.8MA, Voc = 4.5 V 
le =O MA, Vo = Voc = 18. V 

















©o 
hk 








Temperature 
Coefficient of 
Forward Voltage 






Input-Output 
Insulation 
|Option 020 





Resistance 
(Input-Output) 


Capacitance 
p 


(Input-Output) 


wh, 


n 
Qn 
2 
B 
I a 
rs) = 
n od oi 


Switching Specifications 


Over recommended temperature (Ty = 0°C to 70°C), unless otherwise specified. 


lp = 0.5 mA 
R, = 4.7 ko 
Propagation Delay 
Time to Logic Low 
at Output — 


Propagation Delay 
Time to Logic High 
at Output 


Common Mode - ; le =O mA, Ta = 25°C 
Transient Immunity 7 Ry = 2.2 kO 

at Logic High Output [Vol = 10 Vp_p 
Common Mode __.. | a | le = 1.6 mA, Ta = 25°C 
Transient Immunity, weg . R, = 2.2 kO 

at Logic Low Output - oo | es Vom! = 10 Vp_p 


*JEDEC registered data. a 
**All typicals at Ty = 25°C and Voc = 5 V, unless otherwise noted. 
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Insulation Related Specifications 


Min. External Air Gap (Clearance) L(101) | 27 | mm | Measured from input terminals to output terminals 
Min.External Tracking Path (Creepage) L(lO2) 27 Measured from input terminals to output terminals 
p 
P| 0.08 | mm Through insulation distance conductor to conductor 
Tracking Resistance DIN IEC 112/VDE 0303 Part 1 
isolation Group (per DIN VDE 0109) Pf Ma Material Group DIN VDE 0109 



















1. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Ip, to the forward LED input current, I, times 100%. 

2. Pin 7 Open. 

3. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 

4. Use of a resistor between pin 5 and 7 will decrease gain and delay time. See Application Note 951-1 for more details. 

5. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dV,,,/dt on the leading edge of the common mode pulse, 
Vem to assure that the output will remain in a Logic High state (i.e., Vo > 2.0 V). Common mode transient immunity in Logic Low level is the maximum 
tolerable (negative) dV,,,/dt on the trailing edge of the common mode pulse signal, V,,, to assure that the output will remain in a Logic Low state (i.e., 
Vo < 0.8 V). 

6. In applications where dV/dt may exceed 50,000 V/us (such as static discharge) a series resistor, Roc, should be included to protect the detector IC 
from destructively high surge currents. The recommended value is Roc = 220 2. 

7. Use of a 0.1 uF bypass capacitor connected between pins 5 and 8 is recommended. 
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lo — OUTPUT CURRENT — mA 


1, — INPUT DIODE FORWARD CURRENT — mA 


Figure 3. 6N138/6N139 Output Current vs 
Input Diode Forward Current 
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tp — PROPAGATION DELAY — us 








Ta — TEMPERATURE — °C 


Figure 5. Propagation Delay vs. Temperature. 














I; — FORWARD CURRENT — mA 
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Ve — FORWARD VOLTAGE — VOLTS 


Figure 4. Input Diode Forward Current vs. 
Forward Voltage. 














TIME — us 


(SEE FIG. 9 FOR TEST CIRCUIT) 


Ip ADJUSTED FOR VoL = 2V 





“0.1 1.0 10. 
R_ — LOAD RESISTANCE — k&2 


Figure 6. Non Saturated Rise and Fall Times vs. Load 
Resistance. 


6-110 














y 5V O +5V 
oO 
(SATURATED 
RESPONSE) 
10% DUTY CYCLE 
VoL 
1/f < 100us Vo 
tPHL 
Ip MONITOR © 
5V 
Vo 3 eu 15pF 
(NON-SATURATED 
RESPONSE) 
tr 
Figure 7. Switching Test Circuit.* 
Roc (SEE NOTE 6) 
Vom 10V —--—-—- t, tt = 16ns 
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SWITCH AT A: Ip= OmA 


Vo ee ee ES a VoL 
SWITCH AT B: If =1.6mA 
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Figure 8. Test Circuit for Transient Immunity and Typical Waveforms. 


*JEDEC Registered Data. 
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HEWLETT 


G 


PACKARD 


__ 9.40 (.370) ___, | OUTLINE DRAWING 


9.90 (390) 











| ~+— 1.19 (.047) MAX. DIMENSIONS IN MILLIMETRES AND (INCHES). 





ANODE 1 [1] 







ie 70 (. i MAX. 
CATHODE 1[2| 


- 0. a A pore CATHODE 2[3 
2.92 (.115) MIN.' ANODE 2 [4 
—>|!|<«— 0.65 (025) MAX. 


2.28 (,090) 
2.80 (.110) 


Featu res 


. HIGH CURRENT TRANSFER RATIO — 1800% TYPICAL 
-¢ LOW INPUT CURRENT REQUIREMENT — 0.5 mA 

| © LOW OUTPUT SATURATION VOLTAGE - —0.1V sais 

.© HIGH DENSITY PACKAGING 


¢ PERFORMANCE GUARANTEED OVER 0°C TO 70°C 
TEMPERATURE RANGE 


-@ LSTTL COMPATIBLE 


° RECOGNIZED UNDER THE COMPONENT PROGRAM OF 
U.L. (FILE NO. E55361) FOR DIELECTRIC WITHSTAND 
PROOF TEST VOLTAGES OF 2500 Vac, 1 MINUTE 


_ © VDE 0883 APPROVAL AVAILABLE 
e MIL-STD VERSION AVAILABLE (HCPL-5730/1) 








0.76 (.030) | 


7.40 (.055) 


Description 


The HCPL-2730/31 dual channel couplers contain a sepa- 
rated pair of GaAsP light emitting diodes optically coupled 
to a pair of integrated high gain photo detectors. They 
provide extremely high current transfer ratio and excellent 
input-output common mode transient immunity. A sepa- 
rate pin for the photodiodes and first gain stages (Vcc) 
permits lower output saturation voltage and higher speed 
operation than possible with conventional photodarlington 
type optocouplers. In addition Voc may be as low as 1.6 V 
without adversely affecting the parametric performance. 


Guaranted operation at low input currents and the high 
current transfer ratio (CTR) reduce the magnitude and 
effects of CTR degradation. 


The outstanding high temperature performance of this split 
Darlington type output amplifier results from the inclusion 
of an integrated emitter-base bypass resistor which shunts 
photodiode and first stage leakage currents to ground. 


The HCPL-2731 has a 400% minimum CTR at an pus cur- 





DUAL LOW INPUT 
CURRENT, HIGH GAIN 


HCPL-2730 


OPTOCOUPLERS| tS” 


SCHEMATIC 





Applications 


¢ Digital Logic Ground Isolation 


e Telephone Ring Detector 

e EIA RS-232C Line Receiver 

e Low Input Current Line Receiver — Long Line or Party Line 

¢ Microprocessor Bus Isolation 

e Current Loop Receiver 

¢ Polarity Sensing 

e Level Shifting 

e Line Voltage Status Indicator — Low input Power Dissipation 


rent of only 0.5 mA making it ideal for use in low input 
current application such as MOS, CMOS and low power 
logic interfacing or RS232C data transmission systems. In 
addition, the high CTR and high output current capability 
make this device extremely useful in applications where a 
high fanout is required. Compatibility with high voltage 
CMOS logic systems is guaranteed by the 18V Vcc and Vo 
specifications and by testing output high leakage (lon) at 
18V. 


The HCPL-2730 is specified at an input current of 1.6 mA 
and has a7 V Vcc and Vo rating. The 300% minimum CTR 
allows TTL to TTL interfacing at this input current. 


Important specifications such as CTR, leakage current and 
output saturation voltage are guaranteed over the 0°C to 
70°C temperature range to allow trouble-free system 
operation. Selection for lower input current down to 250 
BA is available upon request. 
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Electrical Specifications 


(Over recommended temperature Ta, = 0°C to 70°C, unless otherwise specified.) See note 12. 


Device 
Parameter HCPL- Test Conditions 
400 “300 lp = 0.5 mA, Vo = 0.4 V, Voc = 4.5 V 
500 1600 J 


Ip = 1.6 MA, Vo = 0.4 V, Voc = 4.5 V 
1600 


lp = 1.6 mA, Vo = 0.4 V, Voc = 4.5 V 


lp = 1.6 mA, lo = 8 MA, Voc = 4.5 V 
lp =5 MA, lo = 15 MA, Voc = 4.5 V 
le = 12 mA, Ilo = 24 MA, Voc = 4.5 V 


[feces 
| pA | Ip=0mA, ais Veco =7V 

let = leo = 1.6 mA 
aie bea = Vea = ‘Oma 






Current Transfer 
Ratio 
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Logic Low 
Output Voltage 


Logic High 

Output Current 

Logic Low 

Supply Current loot 
Logic High 

Supply Current IocH 
Input Forward Voltage 
Input Reverse 
Breakdown Voltage 


Temperature 
Coefficient of 
Forward Voltage 


Input Capacitance Cin 


Input-Output 





NO 
N 
© 
oO 


mvV/°C | lp = 1.6 mA 






bic i 


NM} —m 
NTN 
CG! @ 
o| a 


f= 1 MHz, Ve =0 


Vams | RH < 50%, t = 1 min., Ta = 25°C 


Insulation 

Resistance 

(Input-Output) Vi-o = 500 VDC 

Capacitance e 

(Input-Output) f= 1 MHz | 


Input-Input Insula- 
tion Leakage Current 


45% Relative Humidity, t = 5 s, 
V\-) = 500 VDC 


o V\-1 = 500 VDC 


Resistance 
(Input-Input) 


am n 
Oo Oo 


Capacitance 
(Input-Input) 


9 
rs 


*All typicals at Ta = 25°C. 
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Switching Specifications 


Over recommended a re (Ta = O°C to 70°C) unless otherwise specified. 


Device 
Parameter HCPL- 


Propagation Delay 
| Time to Logic Low 
at Output 


Propagation Delay 
Time to Logic High 
at Output 


Common Mode | 
Transient Immunity [CM4| 
at Logic High Output 


on 


* 


oy on eo 28 ra ma} oo 








lp =OmA, Ry = 2.2 kO 
[Vom = 10 Vp-p 
Ta = 25°C 


oO 
f=) 
Oo 





















DIN IEC 112/VDE 0303 Part 1 
ae Material Group DIN VDE 0109 


Tracking Resistance 


Isolation Group (per DIN VDE 0109) 


Common Mode lp = 1.6mA, Ry, = 2.2 ko 6 10 
Transient Immunity ICM, | [Voml = 10 Vp-p 10 | "44" 
at Logic Low Output . Ta = 25°C 
*All typicals at 25°C 
Insulation Related Specifications 
Parameter — Conditions 
Min. External Air Gap (Clearance) | Lot) | 27 | mm | Measured from input terminals to output terminals 
Min.External Tracking Path (Creepage) | Loz) | 27 | omm | Measured from input terminals to output terminals 
Min. Internal Plastic Gap (Clearance) ae Through insulation distance conductor to conductor 





NOTES: 

1. Derate linearly above 50 C free-air temperature at a rate of 0.5 mA/°C. 10. Common mode transient immunity in Logic High level is the maximum 

2. Derate linearly above 50 C free-air temperature at a rate of 0.9 mW/°C. tolerable (positive) dVcjy/dt on the leading edge of the common mode 

3. Derate linearly above 35’'C free-air temperature at a rate of 0.6 mA/’C. pulse Voy, to assure that the output will remain in Logic High state 

4. Pin 5 should be the most negative voltage at the detector side. (i.e., VQ > 2.0 V). Common mode transient immunity in Logic Low 

5. Derate linearly above 35 C free-air temperature at a rate of 1.7 mW/°C. level is the maximum tolerable (negative) dVcnyq dt on the trailing edge 
Output power is collector output power plus supply power. of the common mode pulse signal, Voy, to assure that the output will 

6. Each channel. remain ina Logic Low state (i.e., Vo < 0.8 V). 

7, CURRENT TRANSFER RATIO is defined as the ratio of output 11. In applications where dV/dt may exceed 50,000 V/us (such asa static 
collector current, Ig, to the forward LED input current, IF, times 100%. discharge) a series resistor, Rcc, should be included to protect the 

8. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted detector IC from destructively high surge currents. The recommended 
together and Pins 5, 6, 7, and 8 shorted together. value is Roc = 1102. 

9. Measured between pins 1 and 2 shorted together, and pins 3 and 4 


12. Use of a 0.1 uF bypass capacitor connected between pins 5 and 8 


shorted together. . 
9 is recommended. 
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Absolute Maximum Ratings 


Storage Temperature .......... -55°C to +125°C 
Operating Temperature ......... -40°C to +85°C 
Lead Solder Temperature ....... 260°C for 10sec 


(1.6mm below seating plane) 
Average Input Current — Ir 


(eachchannel) ....:............00-- 20 mal") 
Peak Input Current — Ir 
(eachchannel) ........... cece eee eee 40mA 


(50% duty cycle, 1 ms pulse width) 
Reverse Input Voltage — Vr: 


Input Power Dissipation 


(eachchannel) ...........-.ceeeeee 35 mw /?! 
Output Current — lo 

(eachchannel) ........... ce eee eee 60 mA |! 
Supply and Output Voltage — Vcc (Pin 8-5), Vo (Pin 

7,6-5) [41 

MG PLH=2730 sche eaters oat boees .. 70.5to7V 

FIGRPLA2 13 ls eeaycn nn oe oh ee ees jae -0.5to 18V 
Output Power Dissipation 

(eachchannel) ............-.eeee- 100 mw!®! 


(each channel) 
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| a a ae ee ee 





0 1 2 


Vo — OUTPUT VOLTAGE — V 


Figure 1. DC Transfer Characteristics 
(HCPL-2730/HCPL-2731) 


i; — FORWARD CURRENT — mA 





1 
1.10 1.20 1.30 1.40 1.50 


Ve — FORWARD VOLTAGE — VOLTS 


Figure 4. Input Diode Forward Current 
vs. Forward Voltage. 


% 
N 
a 
3 


CTR — CURRENT TRANSFER RATIO — 


log (PER CHANNEL) — SUPPLY CURRENT — mA 


HCPL-2730/HCPL-2731 


Ie — FORWARD CURRENT — mA 


Figure 2. Current Transfer Ratio vs. 
Forward Current 


Vue 
7 HCPL-2731 


I; — INPUT DIODE FORWARD CURRENT — mA 


Figure 5. Supply Current Per Channel 


vs. Input Diode Forward 
Current. 
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HCPL-2730/HCPL-2731 Vcc = 5V 
Vo = 0.4V 


Io — OUTPUT CURRENT — mA 





Ip — INPUT DIODE FORWARD CURRENT — mA 


Figure 3. Output Current vs. Input Diode 
Forward Current 


\ |~——__——— T——+|  [<-50us 
iF 
0 
1 5V 


| > Semana 
Voy 
tH of 


HCPL-2731 


HCPL-2730 


HCPL-2731 


toy, — PROPAGATION DELAY TO LOGIC LOW —us 


T — INPUT PULSE PERIOD — ms 


Figure 6. Propagation Delay To Logic 
Low vs. Pulse Period. 


OPTOCOUPLERS 





70 
wo HCPL 2731 (Ip = 0.5 mA, RL = 4.7kQ) : oc = pt aches 
HCPL 2730 (tf = 1.6 mA, RL = 2.2kQ2) sol ta = 25 C 

50H oe ae ae . 
teu 
Ry = 2.2k2 OR 4.7kQ 

: Ze bo ed 

al aw 





re 
‘aaa 


NCE 


tery Ry =4.7k2 


~ tp — PROPAGATION DELAY — uS 
LET | LRN 
tp — PROPAGATION DELAY — us 





0 
0 2 4 6 8 10 
Ta — TEMPERATURE —°C |; — INPUT DIODE FORWARD CURRENT — mA 
Figure 7. Propagation Delay vs. Figure 8. Propagation Delay vs. Input 
Temperature. Diode Forward Current. 





1.5V 


Vo 





Figure 9. Switching Test Circuit. 





tr, te = 16ns - Roc (SEE NOTE 11) 









10% 





VL nee 5 


SWITCH ATA: |, = OmA 


ae ee ea en eRe 
Vo Voi 


SWITCH ATB: Ie =1.6mA + 
PULSE GEN. 


Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 
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Schematic 


Ve 
6 


Featur eS 


HIGH CURRENT TRANSFER RATIO — 1500% 
TYPICAL 


e LOW INPUT CURRENT REQUIREMENT — 0.5 mA 


e PERFORMANCE GUARANTEED OVER 0°C to 70°C 
TEMPERATURE RANGE 


e INTERNAL BASE-EMITTER RESISTOR MINIMIZES 
OUTPUT LEAKAGE 


e GAIN-BANDWIDTH ADJUSTMENT PIN 


e RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST VOLTAGES 
OF 2500 Vac, 1 MINUTE 


e VDE 0883 APPROVAL AVAILABLE 


Description 


The 4N45/46 optocouplers contain a GaAsP light emitting 
diode optically coupled to a high gain photodetector IC. 


The excellent performance over temperature results from 
the inclusion of an integrated emitter-base bypass resistor 
which shunts photodiode and first stage leakage currents 
to ground. External access to the second stage base 
provides better noise rejection than a conventional 
photodarlington detector. An external resistor or capaci- 
tor at the base can be added to make a gain-bandwidth or 
input current threshold adjustment. The base lead can 
also be used for feedback. 


The high current transfer ratio at very low input currents 
permits circuit designs in which adequate margin can be 
allowed for the effects of CTR degradation over time. 


The 4N46 has a 350% minimum CTR at an input current of 
only 0.5mA making it ideal for use in low input current 
applications such as MOS, CMOS and low power logic 
interfacing. Compatibility with high voltage CMOS logic 
systems is assured by the 20V minimum breakdown 
voltage of the output transistor and by the guaranteed 
maximum output leakage (Io}4) at 18V. 


The 4N45 has a 250% minimum CTR at 1.0mA input 
current and a 7V minimum breakdown voltage rating. 


Selection for lower input current down to 250 wA is avail- 
able upon request. 


*JEDEC Registered Data. **JEDEC Registered up to 70°C 





LOW INPUT CURRENT, 
HIGH GAIN 


OPTOCOUPLER 





OUTLINE DRAWING* 


9.40 (.370) 
“~~ 9.90 (390) 7.36 (.290) 6.10 (.240) 
7.88 (.310) 6.60 (.260) it. 
qeele —* 


: ) 
TYPE NUMBER 0.33 (.013) 
DATE CODE 


UL RECOGNITION ae 


pn LU L2J 


ONE 


DOT _ <— 1.78 (0.70) MAX. 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


L 2 66 (.105) 


0.45 (.018) MIN. 
—e} | |<—_ —_ —— 


0.65 (.025) 


2.28 (,090) 
2.80 (.110) 


Applications 


Telephone Ring Detector 

Digital Logic Ground Isolation 

Low Input Current Line Receiver 

Line Voltage Status Indicator — Low Input Power 
Dissipation 

© Logic to Reed Relay Interface 

e Level Shifting 

e Interface Between Logic Families 


Absolute Maximum Ratings’ 





2:16 (.085) 
2.54 (.100) 


Storage Temperature ............... -55°C to +125°C 
Operating Temperature™™ ............... -40°C to +85°C 
Lead Solder Temperature .............. 260°C for 10s. 
(1.6mm below seating plane) 
Average Input Current—Ip .......... hihesastits 20 mAl1] 
Peak Input Current—Ip ww... ec cee eee eee eee 40mA 
(50% duty cycle, 1ms pulse width) 
Peak Transient Input Current—Ip .............4. 1.0A 
(<1 us pulse width, 300pps) 
Reverse Input Voltage —VpQ ...... ccc cece eee nee 5V 
Input Power Dissipation ................000e 35mWile) 
Output Current —I9(PIN5) 20... .. eee eee eee 60 mals] 
Emitter-Base Reverse Voltage (Pins 4-6) ......... 0.5V 
Output Voltage — Vo (Pin 5-4) 
BANGS: cncctd eee at etek oe oe eee -0.5to 7V 
ANAG? ci ecncin tad ees one te Skee VO -0.5 to 20V 
Output Power Dissipation ................. 100mwl4] 


See notes, following page 


CAUTION: The small junction sizes inherent to the design of this 
bipolar component increases the component's susceptibility to 
damage from electrostatic discharge (ESD). It is advised that 
normal static precautions be taken in handling and assembly of 
this component to prevent damage and/or degradation whichmay 
be induced by ESD. 
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Electrical Specifications 


Over recommended temperature (Ta = 0°C to eS unless otherwise specified. 





































3200 Ip = 0.5 mA, Vo = 10V. 
2000 % lp = 1.0 mA, Vo = 1.0 V 
Current Transfer 1000 lp = 10 MA, Vo = 1.2 V 





Ratio lr = 1.0 mA, Vo = 1.0 V 





lF= 10 mA, Vo =1.2V 
Ip = 0.5 mA, Ico. = 1.75 MA 
le = 1.0 mA, lo. = 5.0 MA 

lp = 10 mA, lo, = 20 mA 


Logic Low Output 
Voltage 


Logic High 
Output Current 
Input Forward Voltage 


Temperature 
Coefficient of 


=: - 
Forward Voltage 


Input Reverse 
Breakdown Voltage 
Input Capacitance 


Input-Output 

Insulation 
Resistance 

(Input-Output) 












lp = 1.0 mA, Io. = 2.5 MA 
le = 10 mA, Ilo, = 20 mA 














Capacitance 
(Input-Output) 


Switching Specifications 
(Over recommended temperature T, = 0°C to 70°C niga otherwise specified.) Voc = 5.0 V. 


Propagation Delay 


ar 
vU 
— 
I 




































Time to Logic Low us 
at Output 

2 PHL. .2 ki 

—_ [Ta = 25°C Ip=10mA 
Propagation Delay Ru = 10 kO 
Time to Logic High © , ps ae 
at Output oe 25°C sd p= 

'PLH chee RL = 220 kO 


Common Mode Transient 
| Immunity at Logic 
High Level Output 
Common Mode Transient 


Immunity at Logic 
| Low Level Output 


le = 0 mA, RL = 10 kO 
|Voml = 10 Vp-p 


ah, 
a| g 3 
a =) * 











Ip = 1.0 mA, RL = 10k0. 
[Voml = 10 Vp-p 





*JEDEC pestered Data. 
**All typicals at Ta = 25°C, unless otherwise noted. 
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Insulation Related Specifications 
[Parameter «| Symbol | value | Unity [Condon 
[= [mm | easre fom input einals to oat ominas 

[in ExeralTackng Pah (Greepage) | (02) | =? | mm | Measured om put emia ouput irminals 
[208 [mm | hough ination canoe condor conductar 

[soition Group (perBNVOEOTO |__| a |__| MatevalGroupONVOEGIO® 


NOTES: 

1. Derate linearly above 50°C free-air temperature at a rate of 0.4mA/°C. 
2. Derate linearly above 50°C free-air temperature at a rate of O.7mW/C. 
3. Derate linearly above 25°C free-air temperature at a rate of 0.8mA/C. 
4 
5 





. Derate linearly above 25°C free-air temperature at a rate of 1.5mW/°C. 
. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Ig, to the forward LED input current, IF, times 
100%. 

6. Pin 6 Open. 

7. Device considered a two-terminal device: Pins 1, 2, 3 shorted together and Pins 4, 5, and 6 shorted together. 

8. Use of a resistor between pin 4 and 6 will decrease gain and delay time. (See Figures 10 and 12). 

9. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dV cp/dt on the leading edge of the common 
mode pulse, Vem, to assure that the output will remain in a Logic High state (i.e., Vo > 2.5V). Common mode transient immunity in 
Logic Low level is the maximum tolerable (negative) dV¢,,/dt on the trailing edge of the common mode pulse signal, Vom, to assure 
that the output will remain in a Logic Low state (i.e., Vo < 2.5V). 
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Figure 1. Input Diode Forward Current vs. Figure 2. Typical DC Transfer Figure 3. Output Current vs. Input fe) 
Forward Voltage. Characteristics. Current. 
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F Vo = 1.0V . 
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10000 se “r | 
: emeensoes TP LH 


us 


tp — PROPAGATION DELAY -- 








monn TPH | 
1000 ; 
100 : . 
— 
Ss = ~~ — : 
dp = 10 mA ~ 
10 :. 
: <a awe Cote CS coe Ga Gem SoD a 
. Ta = 25C. 
VO mm an nn nt ne te! 
0.1 1.0 10 100 1000 


R_ — LOAD RESISTOR — k22 


Figure 7. Propagation Delay vs Load 
Resistor. 





VC emanating = a jerernaincemeetscmmcntitmememamscreaetammse £5 \/ 


SWITCH AT A: ig= OmA 


SWITCH AT B: Ip = 1.0 mA 


Figure 9. Test Circuit for Transient Immunity and Typical Waveforms. 


Figure 10. External Base 
Resistor, Rx 


CTR — NORMALIZED CURRENT TRANSISTOR RATIO 








Figure 8. Switching Test Circuit 


ty, te = 16ns 


_..... Vo = 1.0V 
NORMALIZED TO: 
___,.... CTR @ Ip = 1.0 mA, Rx == 

















10.2 05 10 20 50 10 20 100 


i- — FORWARD CURRENT — mA 


Figure 11. Effect of Ry On | 
Current Transfer Ratio 
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PULSE GEN. 


tp — PROPAGATION DELAY — zs 


10,000 


1000 


100 


10 





1.0 10 100 


Rx — EXTERNAL RESISTOR — kQ 


Figure 12. Effect of Rx On 
Propagation Delay 





1000 


Applications 


Ip = 10 mA 






SN 74LS13 
OR EQUIVALENT* 


*SCHMIDT TRIGGER RECOMMENDED 
= BECAUSE OF LONG t,, te. 


TTL Interface 





lp =O0.5mA 






4N46 


ADD FoR 7 
AC INPUT 


Line Voltage Monitor 


+Vcc, 


VIN 


Q;, Og - 2N3904 
Q3 - 2N3906 


Analog Signal Isolation | 
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100 KQ. «9.02 nF 





NOTE: AN INTEGRATOR MAY BE REQUIRED AT THE OUTPUT TO 
ELIMINATE DIALING PULSES AND LINE TRANSIENTS. 


Telephone Ring Detector 


bs 0.5 mA - piped 
F\> 1.0 mA - 4N45 


5V TO 20V - 4N46 
5V - 4N45 


Vec 







ANY CMOS 
DIGITAL IC 


CMOS Interface 


” 
oa 
uj 
dl 
a 
> 
8 
& 
oO 





CHARACTERISTICS 


Rin = 30M2, Rout = 5022 
Vin (MAX.,) = Vcc, -1V, LINEARITY BETTER THAN 5% 


DESIGN COMMENTS 


Vv ~(-Veeq) - V 
R, - NOT CRITICAL k< Mogg Nees! MeeVee Q3 
IF (MAX) : 
R> - NOT CRITICAL (OMIT IF 0.2 TO 0.3V OFFSET IS TOLERABLE) 


Vin (mAx.) + VBE 





Rao 1mA 
VIN (MAX) 
Rs —= 
2.5mA 


NOTE: ADJUST R3 SO Vour = Vin AT Vin = VIN (MAX) 
2 


Small Outline Low Input 
Current, High Gain | 


Optocouplers 


Technical Data © 


Features 
e Surface Mountable 


¢ Industry Standard SOIC-8 © 


Footprint 

e Compatible With Infrared 
Vapor Phase Reflow and 
Wave Soldering Processes 

e High Current Transfer 
Ratio — 2000% Typical 

¢ Low Input Current 
Requirement - 0.5 mA 

e TTL Compatible Output - 
0.1 V V,, Typical 

e Guaranteed ac and dc 
Performance Over 
Temperature 0°C to 70°C 

¢ Base Access Allows Gain 
Bandwidth Adjustment 

e High Output Current - 60 
mA 


¢ Recognized Under The 
Component Program Of | 
ULL. (File No. E55361) For 
Dielectric Withstand Proof 


Test Voltage Of 2500 VAC, _ 


1 Minute 


Description 
These small outline, low input 


current, high gain optocouplers 
are single channel devices in an 
industry standard SOIC-8 
footprint. They are electrically 
equivalent to the following HP 
optocouplers: 


Small Outline Standard DIP 
HCPL-0700 6N138 
HCPL-0701 6N139 


The SOIC-8 package does not 
require "through holes" in a 


Outline Drawing* 






5.842 + 0.203 


3.937 + 0.127 


(0.185 £0,005) YWw 
4 


ON 
0.381 + 0.076 ae 


(0.016 + 0.003) 1.270_ BSG 


(0.050) 





5.080 + 0.005 


—_ + al 


3.175 + 0.127 
(0.125 + 0.005) 


1.524 
(0.060) 





LEAD COPLANARITY + .9:05 
(0.002) 


“HP" IS MARKED ON THE UNDERSIDE 


OF THE PACKAGE 


(0.236 + 0.008) 


TYPE NUMBER 
(LAST 3 DIGITS) 
DATE CODE 


) HEWLETT 
PACKARD 


G; 





HCPL-0700 
HCPL-0701 





PCB. This package occupies 
approximately one-third the 
footprint area of the standard 
dual-in-line package. The lead 
profile is designed to be _ 
compatible with standard 
surface mount processes. 


These high gain series couplers 
use a Light Emitting Diode and 
an integrated high gain 
photodetector to provide 
extremely high current transfer 










F (0.009 + 0.001) 


i 4 0.228 + 0.025 
~~ 


1 0.152 + 0.051 


(0.006 + 0.002) 





0.406 
(0.016) 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


MIN 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken 
in handling and assembly of this component to prevent damage and/or degradation which may be induced by 
ESD. | 
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ratio between input and output. 
Separate pins for the photodiode 
and output stage result in TTL 
compatible saturation voltages 
and high speed operation. 
Where desired the V,,, and V, 
terminals may be tied together 
to achieve conventional 
photodarlington operation. A 
base access terminal allows a 
gain bandwidth adjustment to 
be made. 


The HCPL-0701 is for use in 
CMOS, LSTTL or other low 
power applications. A 400% 
minimum current transfer ratio 
is guaranteed over a 0-70°C 
operating range for only 0.5 mA 
of LED current. 


The HCPL-0700 is designed for 
use mainly in TTL applications. 
Current Transfer Ratio is 300% 
minimum over 0-70°C for an 
LED current of 1.6 mA [1 TTL 
Unit Load (U.L.)]. A 300% 
minimum CTR enables 
operation with 1 U.L. out with a 
2.2 kQ pull-up resistor. 


Selection for lower input 
currents down to 250 yA is 
available upon request. 


Schematic 


Vec 


| lec 


ANODE 
+ 


CATHODE o 





5 
lp GND 


Applications 

¢ Ground Isolate Most Logic 
Families —- TTL/TTL, 
CMOS/TTL, CMOS/CMOS, 
LSTTL/TTL, CMOS/LSTTL 

¢ Low Input Current Line 
Receiver — Long Line or 
Party Line 

e EIA RS-232C Line Receiver 

e Telephone Ring Detector 

e 117 V ac Line Voltage 
Status Indicator — Low 
Input Power Dissipation 

¢ Low Power Systems - 
Ground Isolation 


oc 
“i 
= 
3 
2 
ra) 





Absolute Maximum Ratings 
(No Derating Required Up To 85°C) 


Storage Temperature ..............ccccccesssesssecesesssssseseeeseees -55°C to +125°C 
Operating Temperature .................ccccccccsssssssssssecesvseeees -40°C to +85°C 
Infrared and Vapor Phase Reflow Temperature .......... 215°C for 90s 
Average Input Current — I), ...........scssccccssssecsssesscssacensencsssorsnseees 20 mA 
Peake Input Curren GF ao satan cindonivagovepiisaxtaesensseescswsscnveassneasavacnedss 40 mA 
(50% duty cycle, 1 ms pulse width) 
Peak Transient Input Current — Ip oo... cece esseeeeeeesseseeeeeeeeeres 1OA 
(<1 us pulse width, 300 pps) 
Reverse Input Voltage — Vp, .........:cscscssscsssssssssecseseseeeessseseeseeseeeeeees 5V 
Input Power Dissipation ...............ccccccsssscccssssccsccesscecccscnsccsseneses 35 mW 
Output Current: 1. (Puy 6) iicicscccssscsveiaics av ceeslevassmraesiorseraccs 60 mA 
Emitter-Base Reverse Voltage (Pin 5-7) .0........cccccccssssecssssessesseees 0.5V 
Supply and Output Voltage — V,,, (Pin 8-5), V, (Pin 6-5) 
FAC PIO 100 x. ris ea aoe A eesenss ie cates ative ada sscd -0.5Vto7V 
TIC PIL O 10 2 vehicle cha tcc cceotcesiatavinsttaneeiataasencceceeaeeacint -0.5 V to 18 V 
Output Power Dissipation ..................cccsssesseseessscnscecccscceceeeseees 100 mW 


Electrical Specifications 


Over recommended temperature (T, = 0°C to 70°C), aniked otherwise specified. (See note 7.) 


Parameter [sym | Devee [Min] Typ?| max] Unitol Tost Conditions [Fig [Note 


HCPL-0701| 400 | 2000 | 3500] % |I,=0.5 mA, V,=04V,V,,=4.5V | 
CTR 500 | 1600 | 2600 I, = 1.6 mA, V, = 04 V,V,, =4.5V 1, 2, 


) HCPL-0700 | peo es I, = 16 mA, V, = 0.4 V, Veg = 4.5 V 








Current 
Transfer 
Ratio 




























Let og = 4.5 V 
Logic Low f= Smt To 215 mA, Vo 2 4.5V : 
Output L=l = 24 mA, V, o=4.5V 


Voltage 
HCPL-0700 






Logic High 
Output Current 


Logic Low 
Supply Current 
Logic High 
Supply Current 







= 1.6 mA, “ = Open, V,, = 18 V 





I 


‘F 











Input 
Forward 


Voltage 








Input Reverse 
Breakdown 
Voltage 





Temperature 
Coefficient of 
Forward 
Voltage 


Input Cin 
Capacitance 
Input-Output Vigs 
Insulation 


Resistance 
(Input-Output) 


















Capacitance 
(Input-Output) 


*All typicals are at T, = 25°C and V,, =5 V, unless otherwise noted. 


6-124 


Switching Specifications 


Over recommended temperature (T, = 0°C to 70°C), V, 


*All typicals are at T, = 25°C. 


Notes: 
1. 


cro G bo 





= 5 V, unless otherwise specified. 


Test Conditions Fig. | Note, 


Q 
QO 





q 
E. 
2) 


es 
a} ig 
* 





Sym. 

HCPL-0701 [~ 
Propagation Delay | 
Time to Logic Low to 
at Output 

HCPL-0700 

HCPL-0701 
Propagation Delay 
Time to Logic ey 
High at Output 

HCPL-0700 


Common Mode 
Transient Immunity |1CM, || 
at Logic High Output | 


oe 
we 

re 

| 





Common Mode 


Transient Immunity | 1CM, I 
at Logic Low Output 


~— a 
Oo co fon 
~ va ~_ 


ee 
ce 
8 
E 
oO . 





DC CURRENT TRANSFER RATIO in percent is defined as the ratio of output collector current, I,, to the forward LED input 


» +o? 
current, I,, times 100. 


. Pin 7 open. 

. Device considered a two-terminal device: pins 1, 2, 3, and 4 shorted together and pins 5, 6, 7, and 8 shorted together. 

. Use of a resistor between pin 5 and 7 will decrease gain and delay time. See Application Note 951-1 for more details. 

. Common mode transient immunity in a Logic High level is the maximum tolerable (positive) dV,,,/dt on the leading edge of 


the common mode pulse, Vow to assure that the output will remain in a Logic High state (i.e., Vv. > 2.0 V). Common mode 
transient immunity in a Logic Low level is the maximum tolerable (negative) dV,,/dt on the trailing edge of the common 
mode pulse signal, V,,,, to assure that the output will remain in a Logic Low state (i. e., V, < 0.8 V). 


. In applications where dV/dt may exceed 50,000 V/s (such as static discharge) a series sesistor. R, should be included to 


protect the detector IC from destructively high surge currents. The recommended value is R,,, = 250 Q. 


. Use of a 0.1 pF bypass capacitor connected between pins 5 and 8 is recommended. 
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Figure 1. HCPL-0700/0701 DC Transfer Characteristics. 


Figure 3. HCPL-0700/0701 Output Current vs. Input 


_ Igo — OUTPUT CURRENT — mA 


Io — OUTPUT CURRENT — mA 
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Vo ~— OUTPUT VOLTAGE — V 





Ip — INPUT DIODE FORWARD CURRENT — mA. 


Diode Forward Current. 


Figure 5. Propagation Delay vs. Temperature. 


tp — PROPAGATION DELAY — us 


Ry = 2.2 KQ2 
Ip =1.6mA 
I/f = 50 us 
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Ta — TEMPERATURE -— °C 





CTR — CURRENT TRANSFER RATIO —% 








Ilr — FORWARD CURRENT — mA 


Figure 2. Current Transfer Ratio vs. Forward Current 


HCPL-0700/0701. 


Ip — FORWARD CURRENT — mA 


1.10 1.20 








Ve — FORWARD VOLTAGE — V 


Figure 4. Input Diode Forward Current vs. Forward 


Voltage. 








TIME — us 


ip ADJUSTED FOR 








(SEE FIG. 9 FOR TEST CIRCUIT) 








Vou =2V 


"0.1 1.0 10. 


R,_— LOAD RESISTANCE — KQ 


Figure 6. Non-Saturated Rise and Fall Times vs. Load 


Resistance. 
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PULSE GEN. 
Zo= 500 


tr = 5ns 







10% DUTY CYCLE 






(SATURATED 











RESPONSE) Vf < 100s Vo 

Vo 
I= MONITOR © 
tpHL tpLH F 
C, = 15pF * 
Ru 
5V —- 
Vo 90% 90% 
(NON-SATURATED 10% 10% *INCLUDES PROBE AND 
RESPONSE) FIXTURE CAPACITANCE 
> tt tr 


Figure 7. Switching Test Circuit. 





Roc (SEE NOTE 10) 


0 +5V 
tr, te = 16ns 
10V- - - 
et 10% fi 90% 90%K 10% 
trp -—I tt Vo 
| 
Vo ———— Vee 5V 
SWITCH ATA: Ip = OmA —= Vrr | 


SWITCH AT B: Ip = 1.6mA 


PULSE GEN. 


n 
cc 
ui 
od: 
a. 
=> 
ae 
Oo 


Figure 8. Test Circuit for Transient Immunity and Typical Waveforms. 
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Low Input Current, 
High Gain Optocouplers 


Technical Data 


Features 

° 5000 Vrms/1 Minute Insula- 
tion Withstand Capability 

° Worldwide Safety 
Approval 
UL1577 (File No. E55361) - 
VDE 883/884/804/805/806/ | 
860/750 
TEC 65/380/950/335/435/601 
BS 415/7002/6301 

e High Current Transfer 
Ratio — 3000% Typical 

¢ Low Input Current 
Requirement — 0.5 mA 

e TTL Compatible Output - 
0.1 V V,,, Typical 

e Performance Guaranteed 
Over Temperature 0°C to 
70°C 

e Base Access Allows Gain 
Bandwidth Adjustment 

e High Output Current - 
60 mA 

e Pin Compatible with 
6N138/9 


Applications 
° High Voltage Insulation 


° Low Input Current Line 
Receiver 


e Ground Isolation - TTL/ 
TTL, CMOS/TTL, CMOS/ 
CMOS, LSTTL/TTL, CMOS/ 
LSTTL 


e EIA RS-232C Line Receiver 
¢ Telephone Ring Detector 

¢ AC Line Voltage Sensing 

e Low Power Systems 


Package Outline 


11.30 
(445) MAX. "| 
| Bs 









TYPE NUMBER 


L3 J 
ONE a 1.50 MAX 


(.059) : 


5.10 (.201) MAX. 
‘jo 


51 (,021) MIN. 


3.10 (.122) 
3.90 (.154) 





40 (.016) 
56 (.022) 


1.70 (.067) 
1.80 (.071) 








2.54 (.100) TYP. 


6-128 


DATE CODE 11.00 
(.433) MAX. 


9.00 
1.354) TYP. 


(A) packano 





CNW138 
CNW139. 


Description 

These high-voltage, high-gain 
optocouplers use an AlGaAs 
LED and an integrated high 
gain photodetector to provide 
extremely high current transfer 
ratio between input and output. 
Separate pins for the photodiode 
and output stage result in TTL 
compatible saturation voltages 
and high speed operation. 
Where desired the V,, and V, 
terminals may be tied together 
to achieve conventional 
photodarlington operation. A 
base access terminal allows a 
gain bandwidth adjustment to 
be made. 


.20 (.008) 


"30 a 












10.16 
1V19 typ. 
(.400) pik 





DIMENSIONS IN MILLIMETERS AND (INCHES) 


A widebody encapsulation is Regulatory Information 


used to provide creepage and The CNW138/9 features a wide body DIL 8 encapsulation. This 
clearance dimensions suitable package was specifically designed to meet regulatory insulation 
for safety approval by regula- requirements worldwide. The CNW138/9 has been approved by the 
tory agencies worldwide. following organizations: 

; UL — Covered under UL component recognition FILE E55361 
The CNW139 is for use in VDE — Approved according to VDE 0883/6.80 


CMOS, aes : oF ree VDE 0884/08.87 certification pending 
Power aPpicatlons: om Reference voltage (VDE 0110b Tab. 4): 
minimum current transfer ratio 500 V AC/600 V DC 
a guaranteed over a 0-70°C Complied for reinforced insulation at 250 V AC with: 
operating range for only 0.5 mA DIN IEC 380/VDE 0806/8.81 
of LED current. DIN IEC 435/VDE 0805 "ENTWURE" Nov 84 
DIN 57804/VDE 0804/1.83 (insulation group C) 
DIN VDE 0860/8.86/HD 195 S4 
DIN IEC 601 Teil 1/VDE 0750 Teil 1/5.82 
NORDIC — Tested for applications (reinforced insulation) — Class II 
applications for plugable apparatus in normal tight 


The CNW138 is designed for use 
mainly in TTL applications. 
Current Transfer Ratio is 300% 
minimum over 0-70°C for an 
LED current of 1.6 mA (1 TTL 


ae execution. 

ae A 300% canta hae -SETI-SEMKO-NEMKO-DEMKO.-According to 

oe zd gales wit be ng IEC 65-IEC380-IEC950-IEC335 

0 Cae Ue ae: BSI — Certification according to BS415:1979, BS7002:1989 and 


PUlPup. Resistor. BS6301:1987 pending 


BABT — Certification pending 





Absolute Maximum Ratings Schematic = 
Storage TeMpPerature .............cccesecesessessssecessssssenseeesens -55°C to +150°C 8 
Operating Temperature ...................ccessessessesesesssseeeeeees - -55°C to 85°C ae “le | lec oO 
Lead Solder Temperature ...........cccccsesseseseesceseeeenseens . 260°C for 10s sia aaa rs 
(up to seating plane) ‘é “y ‘ 8 
Average Input Current — Ip ....... ccc ceeesecsnscsecessnsnecssessnsesnevees 100 mA 7 = - 
Peak Transient Input Current — I), ........ccessesseeseeeteeeeeeteeeeeeees LOA  SATHOPES a 
(<1 us pulse width, 300 pps) 
Reverse: Input Voltage = Viaciestcssccsdstcsscinecactsepstaewvevebanspeusdectieswsevue 5V ' 
Input Power Dissipation (up to 70°C) ........cceeeceeecceeccceseceees 250 mW* * 3 
Output: Current = TCP in 6) ssucscscscescdacavssiiyoiteasinncstovadevnteuseNeanvs 60 mA Ye ee 
Emitter-Base Reverse Voltage (Pin 5-7) .........c.ccccscccccscesceeesssenees 0.5 V 
Supply and Output Voltage — V,,, (Pin 8-5), V, (Pin 6-5) 
COIN Tacos saree seadee scape cateconsatanoen doneeseravuaatneesaeestcatasQuaies -0.5to7V 
CNW LOD vests ciccastensectarelectearesv ies castaaeivere rnd uavseedeiaivclanes -0.5 to 18 V 
Output Power Dissipation ............ccceeeeeecesececereeeesseseceaeeeeeens 100 mW 


*Derate at 5.0 mW/°C for operating temperatures above 70°C. 


CAUTION: The small junction sizes inherent to the design of this bipolar component 
increases the component's susceptibility to damage from electrostatic discharge (ESD). 
It is advised that normal static precautions be taken in handling and assembly of this 
component to prevent damage and/or degradation which may be induced by ESD. 
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VDE 0884 Insulation Characteristics - Pending Approval 


Symbol | Characteristic | 


Z| 
I-II] 


ee 
























-. Description 


Installation classification per DIN VDE 0109/12.83, Table 1 
for rated mains voltage < 600 Vays | 
for rated mains voltage < 1000 V,y5 






Climatic Classification 


Pollution Degree (DIN VDE-0109/12.83) 


Unit 




























Maximum Working Insulation Voltage | Venu 1000 
Input to Output Test Voltage, Method b* | 
Vp = 1.6 X Viony, 100% Production Test with tp = 1 sec, 
Partial Discharge < 5 pC | Ve 1600 ae 
Input to Output Test Voltage, Method a* = | | 
Vor = 1.2 x Vionws Type and, sample test, | 
tp = 60 sec, Partial Discharge < 5 pC Vien 1200 
Highest Allowable Overvoltage* Vice 8000 
(Transient Overvoltage, t,,, = 10 sec) 







Safety-Limiting Values © | 
(Maximum values allowed in the event of a failure, also see 
Figure 10) | 7 























700 : 












Case Temperature Ta 175 °C 
Current (Input Current I,, P,, = 0) Is 400 mA 
Output Power (obtained by setting pin 8 = 5.5 V, : : 
pins 7, 6, 5 = ground) | Po. ourpur mW 
Insulation Resistance at T,,, Vj. = 500 V - 


*Refer to the front of the optocoupler section of the 1991 Designer's Catalog, under regulatory information, (VDE 0884) for a 
detailed description. 7 , | 3 | 


Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective 
circuits in application. | : 


Insulation Related Specifications oa | ee 


Parameter Symbol | Value | Units | Conditions| 
Min. External Air Gap L(IO1) 
(clearance) : 
Min. External Tracking Path L(02) 





Measured from input terminals to 
output terminals 


10.0 Measured from input terminals to 
output terminals % 

1.0 Through insulation distance — 

be ge, conductor to conductor _ | 
















Min. Internal Plastic Gap 
(clearance) 


Tracking Resistance 


Isolation Group 
(per DIN VDE 0109) 


/ volts | DIN IEC 112/VDE 0303 PART 1 


= Material Group (DIN VDE 0109) 
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Electrical Specifications 
Over Recommended Temperature (T, = 0°C to 70°C) unless otherwise specified. (See note 7.) 


aS 
4 
—_ 
isu) 
Ne) 
cr | 
oO oO 
c . : Oo 
- e 
Led ro) ro) 


o 

So 

_ 

Oo 
ck 








Z 
ay 
sy) 
© 


1 Current Transfer 


Ratio CTR 









Logic Low Output 
Voltage 









Logic High Output 
Current 





bdo 
or 
i) 








Input Forward 
Voltage 










Input Reverse 


Breakdown 
Voltage 





OPTOCOUPLERS 









Temperature 
Coefficient of 
Forward Voltage 


Input Capacitance Ci 


Input-Output 
Insulation 
Voltage 
























Resistance 
(Input-Output) 





*All typicals at T, = 25°C. 


6-131 


Switching Specifications 
Over Recommended Temperature (T, = 0°C to 70°C), V,, = 5 V, unless otherwise specified. 











7 





Propagation Delay 
Time to Logic Low 
at Output 






a" 
© 


fount 
_ 


yr 
* 


om] 


*All typicals are at T, = 25°C. 


CNW139 
ton 


4 


_ 
= 
Or 


Propagation Delay 
Time to Logic High 
at Output 








Common Mode Tran- 
sient Immunity at 
Logic High Output 






ICM,,| 








sa | cw] eo 









Common Mode Tran- 
sient Immunity at 
Logic Low Output 





Notes: 
1. DC CURRENT TRANSFER RATIO in percent is defined as the ratio of output collector current, I, to the forward LED input 
current, I, times 100. 

. Pin 7 Open. 

. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 

. Use of a resistor between pin 5 and 7 will decrease gain and delay time. See Application Note 951-1 for more details. 

. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dV _,,/dt on the leading edge of the 
common mode pulse V,,,,, to assure that the output will remain in a Logic High state (i.e. V, > 2.0 V) Common mode transient 
immunity in Logic Low level is the maximum tolerable (negative) dV,,, dt on the trailing edge of the common mode pulse 
signal, V,,,. to assure that the output will remain in a Logic Low state (i.e. V, < 0.8 V). 

6. In applications where dV/dt may exceed 50,000 V/us (such as a static discharge) a series resistor, R 

protect the detector IC from destructively high surge currents. The recommended value is 
1 eee kQ | | . 
cc” ; 
0.15 I, (mA) 
7. Use of a 0.1 mf bypass capacitor connected betweens pin 5 and 8 is recommended for operation. 


8. Each product is tested by applying an isolation test voltage of 6000 Vrms for 2 seconds. This test is in accordance with 
UL1577 and is performed in addition to the tests shown in the VDE 0884 INSULATION CHARACTERISTICS TABLE. 


or ®& co DD 


should be included to’ 


cc? 
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1q — OUTPUT CURRENT - mA 








Vo - OUTPUT VOLTAGE - V 


Figure 1. CNW138/9 DC Transfer 
Characteristics. 


100 p—--- 
C~¢ oa ee | 
E 10 
i 
aaa 
= 
o 
E30 
fab | 
S) 
ie Hye Se & SUS "42S 
iva : 
< Of ee eee 
cc 
re) 
LL 
' 9.01 
LS 









: 5. 
001 : 
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V ¢ - FORWARD VOLTAGE ~ VOLTS 


Figure 4. Input Diode Forward 
Current vs. Forward Voltage. 
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Figure 7. Propagation Delay vs. 
Temperature. 
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Figure 2. Current Transfer Ratio 
vs. Forward Current CNW138/9. 
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Figure 5. Propagation Delay vs. 
Temperature. 
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Figure 8. Forward Voltage vs. 
Temperature. 


6-133 




















lo —- OUTPUT CURRENT - mA 
























































10 100 
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Figure 3. CNW 138/9 Output vs. 
Input Diode Forward Current. 
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Figure 6. Propagation Delay vs. 
Temperature. 
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Figure 9. Logic Low Supply 
Current vs. Forward Current, 
CNW139. 
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Figure 10. Dependence of Safety 
Maximum Ratings with Ambient 
Temperature. 
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Figure 11. Switching Test Circuit. 





Rec (SEE NOTE 6) 





; B 
SWITCH AT A: Ip= OmA . Ver 


SWITCH AT B: Ip = 1.6 mA 


PULSE GEN. = 


Figure 12. Test Circuit for Transient Immunity and Typical Waveforms. 
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High Speed CMOS 


Optocoupler 
Technical Data 


Features 


e CMOS IC Technology 

e Compatibility with All +5 V 
CMOS and TTL Logic 
Families 

e No External Components 
Required for Logic 
Interface 

° High Speed: 15 MBd 
Guaranteed 

¢ Low Power Consumption 

¢ World Wide Safety 
Approval 
UL 1577 
VDE 0884/0700/0804/ 

0860/0160 

EN 60 950 

e 3-State Output 

¢ 3750 Vac/1 Minute Dielec- 
tric Withstand 


Applications 

¢ Multiplexed Data 
Transmission 

° Computer-Peripheral 
Interface 

¢e Microprocessor System 
Interface 

¢ Digital Isolation for A/D, 
D/A Conversion 

¢ Instrument Input/Output | 
Isolation | 

e¢ Motor Control | 

¢ Power Inverter 


Description 

The HCPL-7100 optocoupler 
combines the latest CMOS IC 
technology, a new high-speed 
high-efficiency AlGaAs LED, 
and an optimized light coupling 
system to achieve outstanding 
performance with very low 
power consumption. It requires 
only two bypass capacitors for 
complete CMOS/TTL 
compatibility. 


Basic building blocks of the 
HCPL-7100 are a CMOS LED 
driver IC, an AlGaAs LED, and 
and a CMOS detector IC. A 
CMOS or TTL logic input signal 
controls the LED driver IC 
which supplies current to the 
LED. The detector IC incorpor- 
ates an integrated photodiode, a 
high-speed transimpedance 
amplifier and a voltage compar- 
ator with hysteresis. The 3-state 


Schematic 


Ipp1 
—_—_ 


Voo1 


GND1 


(AD packann 





HCPL-7100 


output is CMOS and TTL 
compatible and is controlled by 
the output enable pin, V,,. 


The HCPL-7100 consumes very 
little power, due to the CMOS 
IC technology and the light 
coupling system. The entire 
optocoupler typically uses only 
10 mA of supply current, 
including the LED current. 


World wide safety approval and 
3750 Vac/1 minute dielectric 
withstand is achieved with a 
new packaging process. 


The HCPL-7100 provides the 


user with an easy-to-use CMOS 


or TTL compatible optocoupler 
ideally suited for a variety of 
applications where high speed 
and low power consumption are 
desired. : 


loz 
————— 


Vop2 TRUTH TABLE 
(POSITIVE LOGIC) 


[PUT [ENABLE 
H 


H 

L H 
H L 
L L 






r 4 





r 4 
H 
L 


CAUTION: The small device geometries inherent to the design of this CMOS component increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken 





ee ae and assembly of this component to prevent damage and/or degradation which may be induced by 
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Regulatory Information 
The HCPL-7100 has been 
approved by the following 
organizations: 

UL 

Covered under UL component. 
recognition FILE £55361 
VDE 

Approved according to VDE 
0884/08.87 

Can be used for safe electrical 
separation between AC mains 


and SELV (safety extra-low 
voltage) in equipment according to 
the following specifications: 

DIN VDE 0700 part 1/09.86 

DIN VDE 0804/05.89 

DIN VDE 0860/05.89/HD 195 S4 

DIN VDE 0160/05.88 

EN 60 950/09.87 (CENELEC) 


Reference voltage (VDE 0110b 
Tab 4): 650 Vac 


VDE 0884 Insulation Characteristics 


Description 


Symbol Unit 


Installation classification per DIN VDE 0109/12.83, 


Table 1 


for rated mains voltage <300 
for rated mains voltage <600 


Climatic Classification 


RMS 
RMS 


Input to Output Test Voltage, Method b* 


Vpg = 1.6 x V, 
Partial discharge < 5 pC 


orm» Production test with t, = 1 sec, 


Input to Output Test Voltage, Method a* 
Vopr = 1.2 X Vionys Type and sample test, t, = 60 sec, | 


Partial discharge < 5 pC 


(Transient Overvoltage, t,,, = 10 sec) 


Highest Allowable Overvoltage* 


Safety-limiting values (Maximum values allowed in the 
event of a failure, also see Figure 11) 


Case Temperature 


Input Power (obtained by setting pin 1 = 5.5 V, 


pin 2 = 0.5 V, pin 4 = gnd) 


Output Power (obtained by setting pin 8 = 5.5 V, 


pins 7, 6, 5 = ground) 


Insulation Resistance at T,,, V,. = 500 V 


Pg Input 


Ps, Output 





*Refer to the front of the optocoupler section in the 1991 Optoelectronics Designer's Catalog, under regulatory information, 


(VDE 0884) for a detailed description. 


**This part may also be used in Pollution Degree 3 environments where the rated mains voltage is < 300 V,,,,, (per DIN VDE 


0109/12.83). 
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Insulation Related Specifications 


Min. External air gap L(IO1) >7 mm Measured from input terminals to 
(clearance) output terminals 

Min. External tracking path L (102) mm Measured from input terminals to 
(creepage) output terminals 

Min. Internal plastic gap 0.5 mm Through insulation distance 
(clearance) conductor to conductor 

Tracking resistance DIN IEC 112/VDE 0303 Part 1 


Isolation Group 
(per DIN VDE 0109) 


SunplyVotuses | Yong | 00] | 


Package Power Dissipation 
Lead Solder Temperature 

























Max. Unit Test Conditions 
Ambient Temperature 


|, 08 | 

state 
ha ha 
Sana 
el a 


Logic High Input Voltage | Vy | 20 BDI 
Logic Low Input Voltage [ee 


A 
IH 
IL 
Logic Low Output one 
Enable Voltage 
Input Signal Rise and abe 
Fall Times 
N | 


| TTLFanut | ON 


Output enabled 


Standard Loads 





2] 
ox 
WW 
onl 
a. 
> 
8 
a 
ro) 








Outline Drawing 


9.40 (.370) . - 
9.90 {.390) ' 







” TYPE 
NUMBER 


DATE 
CODE 





e 
n 2 3 | PECOGRTTION 
Pa 1.78 (0.070) MAX 


—P 


Z = -19 (0.047) MAX. | 






: P= 0.65 (.025) MAX. 
| 2.28 (.090) 
0.76 (0.030) >| 355 (110) 


1.40 (0.055) 


y 
PIN 
ONE 


7.36 (.290) 6.10 (.240) 


DIMENSIONS IN MILLIMETERS AND (INCHES) 


4.70 (.185) MAX. 


0.51 (.020) MIN. 


2.92 (.115) MIN. 







0.18 (.007) 
0.33 (.013) 


7.88 (.310) 6.60 (.260) 





DIMENSIONS IN MILLIMETERS AND (INCHES) 


*Pin 3 is the anode of the internal LED and must be left unconnected for guaranteed data sheet performance. 
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Electrical Specifications 

Guaranteed across recommended operating conditions. Test conditions represent worst case values for 
the parameter under test. Test conditions that are not specified can be anywhere within their operating 
range. All typicals are at 25°C and 5 V supplies unless otherwise noted. 


Logic Low Input de 
Supply Current 

Logic High Input 

Supply Current Dace 


























sis| sie 


S - sis 
o o|k 


Logic Low 
Output 

Supply Current 
Logic High 
Output 
Supply Current 


5.0 





Tri-State 
Output 
Supply Current 


Input Current 
Output Enable 
Current 


Logic High Output 
Voltage 









or 
| 
= 
5 
i 
ra) 


Logic High Output 
Voltage 


ory 
oO — 
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Electrical Specifications (cont.) 

Guaranteed across recommended operating conditions. Test conditions represent worst case values for 
the parameter under test. Test conditions that are not specified can be anywhere within their operating © 
range. All typicals are at 25°C and 5 V supplies unless otherwise noted. | * poe. a 


[Parameter | Symbot[Min.| Typ. | Max. [ Unit 




















Voltage 








Logic High Output 
Current 





Logic Low Output 
Voltage 





Logic Low Output 
Voltage 





Logic Low Output 
Voltage 


Logic Low Output 
Current 





High Impedance State 
Output Current 






t = 1 minute 
RH < 50% 





Input-Output 
Resistance 


Input-Output Cro 
Capacitance 
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Switching Specifications 

Guaranteed across recommended operating conditions. Test conditions represent worst case values for 
the parameter under test. Test conditions that are not specified can be anywhere within their operating 
range. All typicals are at 25°C and 5 V supplies unless otherwise noted. 


Propagation Delay 
Time to Logic 
Low Output 










C, = 50 pF 
CMOS Signal Levels 


= 15 pF 
ae Signal Levels 











Propagation Delay 










Time to Logic 5, 6 
High Output C, = 15 pF 
TTL Signal Levels 
= 50 pF 
Pulse Width cos Signal Levels 
Distortion 6, 7 
Ito’ bapa! = 15 pF 






Te Signal Levels 


C, = 50 pF 
CMOS Signal Levels 





From Output Enabled too 
to Logic Low Output 


_ 


pot _ ee 
bo bo ~] ~] 
© —) © =) 


L Signal Levels 





Propagation Delay 


= 50 pF 
MOS Signal Levels | 
Time From Logic High a 8 


to Output Disabled | = 15 pF 
| oy Signal Levels 


_ 


PWD 
Output Rise Time te = 50 pF 
(10-90%) lio Signal Levels 
Output Fall Time t, C, = 50 pF on 
(90-10%) CMOS Signal Levels z= 
3 
C, = 50 pF © 
Propagation Delay Time | CMOS Signal Levels re) 
From Output Enabled toe 
to Logic High Output C, = 15 pF 
TTL Signal Levels 
C, = 50 pF 
Propagation Delay Time CMOS Signal Levels 












6-141 





Switching Specifications (cont.) 
Guaranteed across recommended operating conditions. Test conditions represent worst case values for 
the parameter under test. Test conditions that are not specified can be anywhere within their operabng 


range. All typicals are at 25°C and 2 Vv supplies unless otherwise noted. 


7 Propagation Delay 
Time From Logic Low 
to Output Disabled 


Common Mode 
Transient Immunity at 
Logic High Output 


Common Mode 
Transient Immunity at 
Logic Low Output | 


Input Dynamic 
Power Dissipation 
Capacitance 


Output Dynamic 
Power Dissipation 
Capacitance 


Notes: 


C,= 50 pF | 
CMOS Signal Levels 


C, = 15 pF 
TTL Signal Levels 


. The LED is OFF when the V, is high and ON when V, is low. 
. Device considered a two lerminal idtane pins 1-4 shorted together and pins 5-8 shorted together. 


. C, is the capacitance measured at pin 2 (V),). 
. tuy, Propagation delay is measured from the 50% level on the falling edge of the V, signal to the logic switching level of the 
V, signal. t,,,, propagation delay is measured from the 50% level on the rising edge of the V, signal to the logic switching 


1 
2 
3. This is a proof test. 
4 
5.t 


level of the V, signal. 





6. The logic switching mabe are 1.5 V for TTL signals (0-3 V) and 2. 5 V for CMOS signals (0-5 V). 


7. PWD is defined as It 
(bit length) in ns. 


ani un! %PWD (percent pulse width distortion) i is equal to PWD in ns divided by eel duration 


8. Minimum data rate is calculated . as follows: %PWD/PWD where “PWD i is typically chosen by the design engineer (30% is 


common). : 


9. CM,, is the maximum common mode voltage slew rate that can be sustained while maintaining V, > 3.2 V. CM, is the 
maximum common mode voltage slew rate that can be sustained while maintaining Vo < 0.8 V. The common mode voltage 
slew rates apply to both rising and falling common mode voltage edges. 


10. Unloaded dynamic power dissipation is calculated as follows: C, 


Z. 


HCPL-7100 Application 
Information 

The HCPL-7100 is extremely 
easy to use. Because the opto- 
coupler uses high-speed CMOS 
IC technology, the inputs and 
output are fully compatible with 
all +5 V TTL and CMOS logic. 


dD. : Von" " f+ Ip 


TTL or CMOS logic can be con- 
nected directly to the inputs and 
output; no external interface cir- 
cuitry is required. 


As shown in Figure 1, the only 
external components required 
for proper operation are two 
ceramic bypass capacitors. 
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e V.,, where f is switching frequency in 


Capacitor values should be — 
between 0.01 uF and 0.1 pF. For 
each capacitor, the total lead - 
length between both ends of the 
capacitor and the power-supply 
pins should not exceed 20 mm. 
Figure 2 illustrates the recom- 
mended printed circuit board 


layout for the HCPL-7100. 






O Vov2 





OOLZ dH 


MMAA 


C1, C2 =0.01 uF to 0.1 uF 


Figure 1. HCPL-7100 Recommended Application Circuit. 
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|| 
|| 
Cc 


GND1 GND2 


C1, C2 =0.01 uF to 0.1 pF 


Figure 2. HCPL-7100 Recommended Printed Circuit Board Layout. 
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Figure 3. Typical Output Voltage vs. Input Voltage. Figure 4. Typical Input Voltage Switching Threshold 


vs. Input Supply Voltage. 
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Figure 5. Typical Logic Low Output Voltage vs. Logic Figure 6. Typical Logic High Output Voltage vs. Logic 
Low Output Current. High Output Current. 
HCPL-7101 
+5VO 1 O+5V 
500 = 
5V SQUARE 2 
WAVE 5k 
Vi. montror >» < Vo, monitor 
0.01 uF 
509 
50.0 





5 Vv, CMOS 








3V, TTL 


OV 


a 
OUTPUT 2.5 V, CMOS 
Vo et ere Sek ee “F956 1:5 V, TTL 


‘OL 


Figure 7. Test Circuit for Propagation Delay, Rise Time and Fall Time. 
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HCPL-7101 


+5 VO Or+5V 










O_J L_5V SQUARE WAVE 


< Voe. MONITOR 


50 9 


< Vo. Monitor 


50 


“Vie =0.8V | 


Vin = 2.0 V = = 














{3 v, CMOS 
INPUT me : Vv, TTL 
Vor — — ae 
: TEES vee 7: _ 0 
| 
: ! 
mi tex [+ teiz ----—— |<» 
4 
OUTPUT 
V, : 1 
. joes |. Vor 
*| 2.5 v, CMOS 
: 1.5V, TTL 
bez [eo] 
OUTPUT 
Vy 
toyz | 








Figure 8. Test Circuit for 3-State Output Enable and Disable Propagation Delays. 
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Figure 9. Test Circuit for Common Mode Transient Immunity and Typical Waveforms. 
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Figure 10. Typical Common Mode Transient Immunity Figure 11. Dependence of Safety-Limiting Data on 
vs. Common Mode Transient Voltage. Ambient Temperature. 
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Ultra High Speed CMOS 


Optocoupler 
Technical Data 


Features 

¢ Ultra High Speed: 50 MBd 

- Guaranteed 

e Lowest Power-Delay 
Product Available 

e CMOS IC Technology 

¢ Compatible with All CMOS 
and TTL +5 V Logic 
Families 

e No External Components 
Required for Logic 
Interface 

¢ Low Power Consumption 

¢ World Wide Safety 
Approval 
UL 1577 
VDE 0884/0804/0160 

¢ 2500 Vac/1 Minute Dielec- 
tric Withstand 

e 3-State Output 

¢ High Common Mode 
Transient Immunity: 
>2000 V/ps @ 200 V Vem 


Applications 

e Microprocessor System 
Interface 

¢ Multiplexed Data 
Transmission _ 

¢ Digital Isolation for A/D, 
D/A Conversion | 

¢e Computer-Peripheral 
Interface | 

¢ Isolated Line Receiver 





Description 

The HCPL-7101 ultra high- 
speed optocoupler utilizes 
CMOS IC technology, a new 
high-speed AlGaAs LED and an 
optimized light coupling system 
to achieve 50 MBd data rates 
with very low power 
consumption. 


Both the LED driver IC and the 
detector IC have been designed 
using the state-of-the-art CMOS 
IC technology. The light 
coupling system and the high- 
speed high efficiency AlGaAs 
LED provide optimum light 
coupling from the LED to the 
integrated photodiode at 
minimal power levels. The LED 
driver IC can be controlled by 
either CMOS or TTL input logic 
signals. Pre-biasing and 


Schematic 


4 
GND1 





CD packaro 





HCPL-7101 


peaking circuitry in the driver 
IC ensure maximum speed from 
the LED. In addition, the 
internal LED drive current is 
compensated for LED 
degradation. 


The detector IC incorporates an 
integrated photodiode, a high- 
speed transimpedance amplifier 
and a voltage comparator with 
hysteresis. The 3-state output is 
CMOS and TTL compatible and 
is controlled by the output 
enable pin, V,,. 


The HCPL-7101 provides the 
user with an easy-to-use ultra 
high-speed and low-power 
optocoupler. Compatibility with 
CMOS and TTL logic makes it 
ideally suited for a variety of 
applications. 


TRUTH TABLE © 
(POSITIVE LOGIC) 


[mvput [ENABLE | OUTPUT] 





fc 
z 
3 
3 
& 
ro) 


Regulatory Information Can be used for safe electrical 


The HCPL-7101 has been separation between AC mains and 
approved by the following SELV (safety extra-low voltage) in 
organizations: equipment according to the 

UL following specifications: 

Covered under UL component = VDE 0804/05.89 
recognition FILE E55361 IN VDE 0160/05.88 

VDE Reference voltage (VDE 0110b 


Approved according to VDE © Tab 4): 650 Vac 


0884/08 .87 


VDE 0884 Insulation Characteristics 


Symbol | Characteristic 


Installation classification per DIN VDE 0109/12.83, 
Table 1 

for rated mains voltage <300 ve 
for rated mains voltage <600 V,., 


Climatic Classification 
Pollution Degree (DIN VDE 0109/12.83)** 
Maximum Working Insulation Voltage 


Input to Output Test Voltage, Method b* 
Veg = 1-6 X Viogy, Production test with t, = 1 sec, 
Partial discharge < 5 pC 


Input to Output Test Voltage, Method a* : 
Vor = 1.2 x Vionw» Type and sample test, t, = 60 sec, 
Partial discharge < 5 pC | 


Highest Allowable Overvoltage* 
(Transient Overvoltage, t,, = 10 sec) 


Safety-limiting values (Maximum valien allowed in the | 
event of a failure, also see Figure 15) . 
Case Temperature 
Input Power (obtained by setting pin 1 = 5.5 V, 
pin 2 = 0.5 V, pin 4 = ground) 3 
Output Power (obtained by setting pin 8 = 5.5 V, P 
pins 7, 6, 5 = ground) 


Insulation Resistance at T,,, V,, = 500 a 


sp 


Pa Input 


SI, Output 





*Refer to the front of the optocoupler section in the 1991 Optoelectronics Designer's Catalog, under regulatory information, 
(VDE 0884) for a detailed description. 
**This part may also be used in Pollution Degree 3 environments where the rated mains voltage is < 300 V. 


ee DIN VDE 
0109/12.83). ae 
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Insulation Related Specifications 


Min. External air gap L (101) >7 mm Measured from input terminals to 
(clearance) output terminals 

Min. External tracking path L (102) 8.0 mm Measured from input terminals to 
(creepage) output terminals 


Through insulation distance 
Tracking resistance 


conductor to conductor 
Isolation Group 
(per DIN VDE 0109) 


Output Voltage 


































Logic High Output eee 2.0 Vis V Output in high impedance 
Enable Voltage state 
Logic Low Output t Vee. Vv Output enabled 
Enable Voltage | 
Input Signal Rise and t,t, 1 ms 
Fall Times 


ps | | Standardtoads | 
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7s 

2. 
z 
po] 
n°) 
3 
a 
oO 








Outline Drawing 












9.40 (.370) 
9.90 (.390) | 4 
TYPE 7 
NUMBER 0.18 (.007) - 
DATE 0.33 (.013) 


CODE _ ’ 7.36 (.290) 6.10 (.240) 
nee 3 7.88 (.310) 6.60 (.260) 









5° TYP. 


ONE RECOGNITION 
aus ga 78 (0.070) MAX 
DIMENSIONS IN MILLIMETERS AND (INCHES) 
—»| |«—1.19 (0.047) MAX. 


4.70 (.185) MAX. 


nae Bae 0.51 (.020) MIN. 
2.92 (.115) MIN. 
<*——0.65 (.025) MAX. 


2.28 (.090) 


0.76 (0.030) Parelen 0 (.11 
1.40(0.055) tit; aoe 


PIN 
ONE | 











*Pin 3 is the anode of the internal as and must be left unconnected for guaranteed data sheet performance. 


Electrical Specifications 
Guaranteed across recommended operating conditions..Test eonditions represent worst case values for the 
parameter under test. Test conditions that are not specified can be anywhere within their operating range. All 


typicals are at 25°C and 5 V supplies unless otherwise noted. 
Test Conditions 


ee Low Input Vop1 = 90-5 V 
Supply Current Vi = Vin 


Logic High Input 
Supply Current 


5 


7 | 3 : 
<< 
I 
rou 


Logic Low 
Output . 

| Supply Current > 
Logic High 
Output 
Supply Current 


NUE 
& oe et 
a © 


| 


Tri-State 
Output 
Supply Current 


Output Enable -1 
Current 
Logic High Output 

Voltage 


10.0 
Het 
ol 
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Electrical Specifications (cont.) | 
Guaranteed across recommended operating conditions. Test conditions represent worst case values for 
the parameter under test. Test conditions that are not specified can be anywhere within their operating 
range. All typicals are at 25°C and 5 V supplies unless otherwise noted. 


Symbol | Min.| Typ. Test Conditions _| Fig. | Note 


4.0 


Tater 
on ~ 00 ms 


Logic High Output V 
Voltage 


Logic High Output V 
Voltage 


oO 
= 
4 9 
cn ~] 


Logic High Output I 
Current 


Logic Low Output V 
Voltage 


Logic Low Output V 0.1 | 0.3 


Voltage 





i) 

a 
=) 
_ 


Sp 
3 on 


> < 


0.15 


-) 
coe 


Logic Low Output V 
Voltage 


am | 
- OPTOCOUPLERS 


FB 


Ht} 
< 


Logic Low Output I 10.5 
Current 


on 


High Impedance State 
Output Current I 





<— 
° 


oS 
Ba 


EH, 
Vop2 or GND 


3750 


Insulation Voltage 


Iso 
Input Capacitance ; 


Input-Output 
Resistance 


Input-Output C. 
Capacitance 


| i 
past 
o|* 
eae 





.o) 
© 
~ 
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Switching Specifications | oo 

Guaranteed across recommended operating conditions. Test conditions represent worst case values for. 
the parameter under test. Test conditions that are not specified can be anywhere within their operating 
range. All typicals are at 25°C and 5 V supplies unless otherwise noted. | a | 


Symbol nit | Test Conditions | Fig. | Note 
ns |C, =50 pF 7,8 | 5,6 


Propagation Delay MOS Signal Levels 
Time to Logic ta 
Low Output 


© 


TL Signal Levels 





sf 










= 50 pF a 
OS Signal Levels 


Propagation Delay 
Time to Logic 
High Output = 15 pF 


L Signal Levels 


, = 50 pF | 
MOS Signal Levels 


a 


E 
x 
10) 
gt 
fop) 











C 


i 





Pulse Width 
Distortion 
| tour tony | 


ns = 15 pF 


L Signal Levels 
o PWD < 30% 


<n 


Or ~] 
bod to _ ome aa 
oO i) Oo; . oo f—) 


a) 
wm 


Data Rate 
Propagation Delay Skew | _ t, 


- Output Rise Time 
(10-90%) . 
Output Fall Time | 
(90-10%) 


Random Jitter yo 


es) 


d 


i 


R 


b= 
an) 


C, = 50 pF 
CMOS Signal Levels | 


7,9 
ns |C, =50 pF 7 
CMOS Signal Levels 


on 


V, = 0-5 V square 
wave, f = 25 MHz, 
input rise/fall 

ps rms| time = 5 ns. 

R, = 10 kQ, 

C, =5 pF. 


TTL threshold levels. 













Propagation Delay Time 
From Output Enabled 
to Logic High Output 


| C, =50 pF 12 
CMOS Signal Levels 
ns |C, =15pF | 
TTL Signal Levels 
C, = 50 pF , 
Propagation Delay CMOS Signal Levels 


Time From Logic High t 
to Output Disabled 12 : ons |C,=15 pF | 
TTL Signal Levels 









Propagation Delay Time 
- From Output Enabled 
to Logic Low Output 







Switching Specifications (cont.) 

Guaranteed across recommended operating conditions. Test conditions represent worst case values for 
the parameter under test. Test conditions that are not specified can be anywhere within their operating 
range. All typicals are at 25°C and 5 V supplies unless otherwise noted. 


Parameter Symbol Min, Typ. 


Propagation Delay 
Time From Logic Low 
to Output Disabled 






Test Conditions 






C, = 59 pF | 
CMOS Signal Levels 
















C, = 15 pF 
TTL Signal Levels 








Common Mode 
Transient Immunity at 
Logic High Output 








Common Mode 
Transient Immunity at 
Logic Low Output 







Input Dynamic 
Power Dissipation 
Capacitance 


Output Dynamic 
Power Dissipation C 
Capacitance 


10 


Notes: 
1. The LED is OFF when the V, is high and ON when V, is low. 
2. Device considered a two terminal device; pins 1-4 shorted together and pins 5-8 shorted together. 
3. This is a proof test. 
4. C, is the capacitance measured at pin 2 (V)). 
5 


. thy, propagation delay is measured from the 50% level on the falling edge of the V, signal to the logic switching level of the 
o Signal. t,,,, propagation delay is measured from the 50% level on the rising edge of the V, signal to the logic switching 
level of the V,, signal. 
6. The logic switching levels are 1.5 V for TTL signals (0-3 V) and 2.5 V for CMOS signals (0-5 V). 
7. PWD is defined as It,,,, - tp.,!. %PWD (percent pulse width distortion) is equal to PWD in ns divided by symbol duration 
(bit length) in ns. 
8. Minimum data rate is calculated as follows: %PWD/PWD whcre %PWD is typically chosen by the design engineer (30% is 
common). 
9. t,g, is equal to the worst case difference in t,,,, and/or t,,,, that will be seen between units at any given temperature within 
the operating condition range. 
10. CM,, is the maximum common mode voltage slew rate that can be sustained while maintaining V, > 3.2 V. CM, is the 
maximum common mode voltage slew rate that can be sustained while maintaining V, < 0.8 V. The common mode voltage 
slew rates apply to both rising and falling common mode voltage edges. 


11. Unloaded dynamic power dissipation is calculated as follows: C,,, * V,,?°f+1,, * Vpp where f is switching frequency in 


MHz. 


ws 
a 
(ae. 
a i 
9° 





HCPL-7101 Application TTLorCMOS logiccanbecon- Capacitor values should be 


Information nected directly to the inputs and _ between 0.01 uF and 0.1 uF. For 
The HCPL-7101 is extremely output; no external interface cir- each capacitor, the total lead . 
easy to use. Because the opto- cuitry is required. length between both ends of the 
coupler uses high-speed CMOS capacitor and the power-supply © 
IC technology, the inputs and As shown in Figure 1, the only pins should not exceed 20 mm. 
output are fully compatible with external components required Figure 2 illustrates the recom- 
all +5 V TTL and CMOS logic. for proper operation are two mended printed circuit board 
ceramic bypass capacitors. layout for the HCPL-7101. 
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Propagation Delay, 
Pulse-Width Distortion 
and Propagation Delay 
Skew | 
Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga- 


tion delay from low to high (t,,,,) 


is the amount of time required 
for an input signal to propagate 
to the output, causing the 
output to change from low to 
high. Similarly, the propagation 
delay from high to low (t,,,,) is 
the amount of time required for 
the input signal to propagate to 
the output, causing the output 
to change from high to low (see 
Figure 7). 


Pulse-width distortion (PWD) 
results when t,,,, and t,,,, differ 
in value. PWD is defined as the 
difference bewteen t,,,, and tpi, 
and often determines the maxi- 
mum data rate capability of a 
transmission system. PWD can 
be expressed in percent by 
dividing the PWD (in ns) by the 
minimum pulse width (in ns) 
being transmitted. Typically, 
PWD on the order of 20-30% of 
the minimum pulse width is 
tolerable; the exact figure 
depends on the particular appli- 
cation (RS232, RS422, T-1, etc.). 


Propagation delay skew, t,,,, 18 
an important parameter to 
consider in parallel data 
applications where synchroniza- 
tion of signals on parallel data 
lines is a concern. If the parallel 
data is being sent through a 
group of optocouplers, differ- 
ences in propagation delays will 
cause the data to arrive at the 
outputs of the optocouplers at 
different times. If this difference 
in propagation delays is large 
enough, it will determine the 


maximum rate at which parallel 
data can be sent through the 
optocouplers. | 


Propagation delay skew is 
defined as the difference 
between the minimum and 
maximum propagation delays, 
either t,,,, OF tp, for any given 


group of optocouplers which are 


operating under the same 
conditions (i.e., the same supply 


voltage, output load, and 


operating temperature). As 
illustrated in Figure 10, if the 
inputs of a group of optocouplers 
are switched either ON or OFF 
at the same time, t,,, is the 
difference between the shortest 
propagation delay, either t,,,, or 
toy and the longest 
propagation delay, either t,,,, or 


Coun 


As mentioned earlier, t,., can 
determine the maximum — 
parallel data transmission rate. 
Figure 11 is the timing diagram 
of a typical parallel data 
application with both the clock 
and the data lines being sent 
through optocouplers. The 
figure shows data and clock 
signals at the inputs and 
outputs of the optocouplers. To 
obtain the maximum data 
transmission rate, both edges of 
the clock signal are being used 
to clock the data; if only one 
edge were used, the clock signal 
would need to be twice as fast. 


Propagation delay skew 
represents the uncertainty of 
where an edge might be after 
being sent through an opto- 
coupler. Figure 11 shows that 
there will be uncertainty in both 
the data and the clock lines. It 
is important that these two 


areas of uncertainty not overlap, 


otherwise the clock signal might 
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arrive before all of the data 


- outputs have settled, or some of 


the data outputs may start to 
change before the clock signal 
has arrived. From these 
considerations, the absolute 
minimum pulse width that can 
be sent through optocouplers in 
a parallel application is twice 
tps. A cautious design should 
use a slightly longer pulse width 
to ensure that any additional 
uncertainty in the rest of the 
circuit does not cause a 
problem. 


The HCPL-7101 optocoupler 
offers the advantages of 
guaranteed specifications for 
propagation delays, pulse-width 
distortion and propagation 
delay skew over the recom- 
mended temperature, and 
power supply ranges. 
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C1, C2 = 0.01 pF to 0.1 pF 


Figure 1. HCPL-7101 Recommended Application Circuit. 
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Figure 2. HCPL-7101 Recommended Printed Circuit Board Layout. 
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Figure 5. Typical Logic Low Output Voltage vs. Logic 
Low Output Current. 
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Figure 6. Typical Logic High Output Voltage vs. Logic 
High Output Current. 
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Figure 7. Test Circuit for Propagation Delay, Rise Time and Fall Time. 
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Figure 8. Typical Propagation Delay vs. Temperature. 


PWD (ns) 





Figure 9. Typical Pulse Width Distortion vs. Tempera- 


ture. 
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Figure 10. Propagation Delay Skew Waveform. Figure 11. Parallel Data Transmission Example. 
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Figure 12. Test Circuit for 3-State Output Enable and Disable Propagation Delays. 
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Figure 13. Test Circuit for Common Mode Transient 
Immunity and Typical Waveforms. 
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Figure 15. Dependence of Safety-Limiting Data on 
Ambient Temperature. 
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Figure 14. Typical Common Mode Transient 
Immunity vs. Common Mode Transient Voltage. 
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9-40 (.370) OUTLINE DRAWING 


} TYPE NUMBER 
a” LDATE CODE 





ma Posie 1.78 (.070) MAX. 
—<— 1.19 (.047) MAX. 


res! 020} 
ah CATHODE ee 
| 2.92 (.115) MIN. 

0.76 (.030) | —>|||+— 0.65 (.025) MAX. 


7.40 (055) |. 2.28 (.090) 
2.80 (.110) 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


Features 
e WIDE BANDWIDTH: 17 MHzi1] 
e HIGH VOLTAGE GAIN: 2.011] 
e LOW TEMPERATURE COEFFICIENT (Gy ): 
-0.3% PER °Ci'] 
e HIGHLY LINEAR AT LOW DRIVE CURRENTS 
e HIGH-SPEED AlGaAs EMITTER 


e RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF VOLTAGES 
OF 2500 VAC, 1 MINUTE AND 5000 VAC, 

1 MINUTE (OPTION 020). 


e VDE 0883 APPROVAL AVAILABLE 


Description 


The HCPL-4562 optocoupler provides wide-bandwidth iso- 
lation for analog signals. It is ideal for video isolation when 
combined with its application circuit (Figure 4). High linear- 
ity and low phase shift are achieved through an 820nm 
AlGaAs emitter, combined with a high-speed detector. 


AP pNCaTions 


¢ VIDEO ISOLATION FOR THE FOLLOWING 
STANDARDS/FORMATS: NTSC, PAL, SECAM, 
S-VHS, ANALOG RGB 


e LOW-DRIVE-CURRENT FEEDBACK ELEMENT IN 
_ SWITCHING POWER SUPPLIES, e.g. FOR ISDN 
NETWORKS 


e A/D CONVERTER SIGNAL ISOLATION 
e ANALOG SIGNAL GROUND ISOLATION 





WIDEBAND 
ANALOG/VIDEO 
OPTOCOUPLER 


HCPL-4562 


SCHEMATIC 


2 
ANODE 
+ 


CATHODE O 
3 





Recommended Operating 
Conditions 


Operating Temperature ................. -10°C to +70°C 
Quiescent Input Current — IF ae rr are ee 6mA 
Peak Input Current — Ip ..... 2. eee ee ee eee eee ee 10mA 


Absolute Maximum Ratings 


Storage Temperature .................. -55°C to +125°C 
Operating Temperature ................. -40°C to +85°C 
Lead Solder Temperature ................. 260°C for 10s 

(1.6 mm below seating plane) 
Average Input Current — Ip ..... ee eee eee eee 12 mADC 
Peak Input Current — Ip... . cece eee ee ees 18.6mA 
Effective Input Current — Ip ................ 12.9mArms 
Supply Voltage — Vcc (Pin 8-5) ........... -0.3V to 30V 
Output Voltage — Vo (Pin 6-5) ............ -0.3V to 20V 
Reverse Input Voltage — Vp (Pin 3-2) .............. 1.8V 
Emitter-Base Reverse Voltage (Pin 5-7) .............. 5V 
Peak Output Current — lo (Pin6) ................ 16mA 
Average Output Current — !9 (Pin6) ............. 8mA 
Base Current —!g(Pin7) ..... Sincdsitg Socaresaeak ane Rigi eee .. SMA 
Output Power Dissipation[2] .................4. 100 mW 


CAUTION: The small junction sizes inherent to the design of this 


bipolar component increase the component's susceptibility to 
damage from electrostatic discharge (ESD). It is advised that 
normal static precautions be taken in handling and assembly of 
this component to prevent damage and/or eeees which may 
be induced by ESD. 
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DC Electrical Specifications (Ty = 25°C) 


uA |Ip=10 MA, Vpg=5V 
vA |lp=6mMA, Vpp= 5 V 2,6 
oe 
ea 











ae) 


oO 
ae 


Input Reverse Breakdown ie avke ll Be) : | | 2. 7 
Voltage BVpr 1.8 5 Vo Jilp=10 pA 
Co lo=1MA, Vop= 1.25V Hee at 
Current Transfer Ratio CTR 45 | % Ile=6MA, Veg = 1.25 V, 
_ wi, 
Input-Output Capacitance foe | | pF |f= 1 MHz a 
[OPTION 020] Viso | 5000 


_— 
a 
Small-Signal Characteristics (Ta = 25°C unless otherwise noted) 





Transistor Current Gain 











Parameter | Symbol | Min. | Typ. | Max. | Units | Test Conditions 
Voltage Gain Gy0.1MHz)| 08 | 20 | 42 | —— |vn=1 Vp. 1 
| f 03] | °C | vin=1 Vpp f= O04 MHz 1,11 


Gy Temperature Coefficient AG,/AT 


Base Photo Current Variation 


-3 dB Frequency (ips) | ait 


-3 dB Frequency (Gy) Gy(-3 dB) 


w 
eS —_h 
aS 





fRer = 0.1 MHz 


MHz | vin = 1 Vp-p, frer = 0.1 MHz, 3, 

Ira =6mA 1 

|| MHz | vin=1 Vp-p. frer = 0.1 MHz 1,11 
= | " 


—h 
o 





nN 



















Gain Variation 





Ta =-10°C, ‘VIN = 4 Vp-p» 1 
free = 0.1 MHz 


VIN = 1 Vp-p: fRer = 0.1 MHz ) 1,11 


Ta = 70°C, VIN=1 Vp-p. 1,11 
frer = 0.1 MHz 


Vin =1 Vp-p: frer = 0.1 MHz 1, 11 





Differential Gain lFac = 0.7 MA pk-pk, 
ledc > 3 to 9 mA, 


f = 3.58 MHz 
lFac = 0.7 MA pk-pk, 
lEdc = 3 to 9 mA, 

f = 3.58 MHz 
f = 3.58 MHz, Gy = 2, 
Vin = 1 Vp-p: lFQ = 6mA 


oo 
~J 










Differential Phase 








Output Noise Voltage VONOISE 


Isolation Mode _ | 
Rejection Ratio IMRR 


Total Harmonic Distortion itt 2.5 -— % 


a a 
ae =r > > gg 


—k 
oh 


as 
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Insulation Related Specifications 


L(lO1) Per | in | Measured from input terminals to output terminals 
L(lO2) | 27 | mm | Measured from input terminals to output terminals 
175 













F008 Through insulation distance conductor to conductor 
DIN IEC 112/VDE 0303 Part 1 





[tie [ | tort Grour in woe oie | 

Notes: 

. When used in the circuit of Figure 1 or Figure 4; Gy = VoytT/Vin. 

. Derate linearly above 70°C free-air temperature at a rate of 2.0 mW/°C. 

. Maximum variation from the best fit line of Ipg vs. |p expressed as a percentage of the peak-to-peak full-scale output. 

. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Io, to the forward LED input current, If, times 
100%. 

. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 

. Flat-band small-signal voltage gain. 

. The frequency at which the gain is 3 dB below the flat-band gain. 

. Differential gain is the change in the small-signal gain of the optocoupler at 3.58 MHz as the bias level is varied over a given range. 

. Differential phase is the change in the small-signal phase response of the optocoupler at 3.58 MHz as the bias level is varied over 
a given range. 

10. TOTAL HARMONIC DISTORTION is defined as the square root of the sum of the square of each harmonic distortion component. 

11. ISOLATION MODE REJECTION RATIO, a measure of the optocoupler’s ability to reject signals or noise that may exist between 

input and output terminals, is defined by (Voyt/Vin)/(Vout/Vim), Where Vi is the isolation mode voltage signal. 
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NOTE: ALL RESISTORS ARE 1% TOLERANCE; EXCEPT Rg (1622 +0.5 9). 


Figure 1. Gain and Bandwidth Test Circuit 
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Figure 2. Base Photo Current Test Circuit Figure 3. Base Photo Current Frequency Response Test Circuit 
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SMALL-SIGNAL GAIN 


Figure 7. Small-Signal Response vs. Input Current . 
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Figure 5. Input Current vs. Forward Voltage 
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Figure 4. Recommended Isolated Video Interface Circuit 
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Figure 6. Base Photo Current vs. Input Current 
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Figure 8. Current Transfer Ratio vs. Temperature 
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lr =6mA 

Vee = 1.25 V 
0.60 Veg 25 V 
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Frer = 0.1 MHz 








CTR —NORMALIZED CURRENT TRANSFER RATIO 
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Figure 9. Current Transfer Ratio vs. Input Current Figure 10. Base Photo Current Variation vs. Bias Conditions 
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Figure 11. Normalized Voltage Gain vs. Frequency Figure 12. Normalized Base Photo Current vs. Frequency 
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Figure 13. Phase vs. Frequency Figure 14. Isolation Mode Rejection Ratio vs. Frequency 
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Figure 15. DC Output Voltage vs. Transistor Current Gain 


Design Considerations of the 
Application Circuit 

The application circuit in Figure 4 incorporates several 
features that help maximize the bandwidth performance of 
the HCPL-4562. Most important of these features is peaked 
response of the detector circuit that helps extend the 
frequency range over which the voltage gain is relatively 
constant. The number of gain stages, the overall circuit 


topology and the choice of DC bias points are all conse- 
quences of the desire to maximize bandwidth performance. 


To use the circuit, first select R; to set Ve for the desired 
LED quiescent current by: . 
ae Ve ae Gy Ve Rig . | (1) 
FQ Se a sae 
Ry (Olpp/dle) R7 Ro. 
For a constant value of vin i the circuit topology (adjusting 
the gain with R,) preserves linearity by keeping the modula- 
tion factor (MF) dependent only on Ve. : 





IF = Vin/Rg (2) 
Fp IPB,» = VIN, (3) 
Ira spa Ve 
| Fp. p) VINp.p (4) 
Modulation Factor (MF) -———- = ——— 
2 leq | 2 Ve 


For a given Gy, Ve, and Voc, DC output voltage will vary 
only with Nrex. 


(5) 
Vo = ce Vee. =~ (Veex- (IpBQ—!Bxq) R7) 


Where: 7 . - 
— Gy Ve Rio | | (6) 
arog oa 
and, 
jaf OE, (7) 
Bxa Re hrex 


Vcc 







ADDITIONAL 
BUFFER STAGE 


O Vout 


- Low 
IMPEDANCE 
Riz LOAD 


Figure 16. Output Buffer Stage for Low Impedance Loads 


Figure 15 shows the dependency of the DC output voltage 
on heey. 


For 9V < Voc < 12V, select the value of R11 such that 


is ~ Yo < 4.25V _ 94 sti (8) 
= R44 4700, _ 

The voltage gain of the second stage (Q3) is approxi- 

mately equal to: | 


Ro =e" 1 | (9) 
Rio 1+s Rg | Cco, =i >a , | 
| 11", 


Increasing R‘4, (R‘y, includes the parallel combination of 
Ri; and the load impedance) or reducing Rg (keeping 
Ro/R49 ratio constant) will improve the bandwidth. 


If it is necessary to drive a low impedance load, bandwidth 
may also be preserved by adding an additional emitter 
following the buffer stage (Qs in Figure 16), in which case 
R41 can be increased to set Icq, = 2mA. 


Finally, adjust R, to achieve the desired voltage gain. 


BLO Olpp [ R7Ro (10) 
vo ~ Ra Rio 


dlpB 
where typically - = 0.0032 | 


Ole 





Definition: 
Gy= Voltage Gain | 
lrqg= Quiescent LED forward current 


lEo-p po Peak-to-peak small signal LED forward current 
VIN a Peak-to-peak smail signal input voltage 

IPBo ps 5 Peak-to-peak smail signal base photo current 
IpBq= Quiescent base photo current 

Veex= Base-Emitter voltage of HCPL-4562 transistor 
Ipxq= Quiescent base current of HCPL-4562 transistor 
Neex= Current Gain (IC/IB) of HCPL-4562 transistor 


Ve= Voltage across emitter degeneration resistor Ry 
fr,= Unity gain frequency of Q4 
Cca,= Effective capacitance from collector of Q3 to 
ground 
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AC/DC to Logic Interface 


Optocoupler 
Technical Data 


Features 

e Standard and Low Input 
Current (HCPL-3760) 
Versions 

e AC or DC Input 

¢ Programmable Sense 
Voltage 

e Hysteresis 

¢ Logic Compatible Output 

¢ Thresholds Guaranteed 
Over Temperature 

e Thresholds Independent of 
LED Degradation 

e Recognized Under the 
Component Program of 
ULL. (File No. E55361) for 
Dielectric Withstand Proof 
Test Voltages of 2500 VAC, 
1 Minute 


e VDE 0883 Approval 
Available 


Applications 

e Limit Switch Sensing 

¢ Low Voltage Detector 

e 5 V-240 V AC/DC Voltage 
Sensing 

¢ Relay Contact Monitor 

¢ Relay Coil Voltage Monitor 

¢ Current Sensing 

e Microprocessor Interfacing 


Description 

The HCPL-3700 and HCPL- 
3760 are voltage/current 
threshold detection optocouplers. 
The HCPL-3760 is.a low-current 
version of the HCPL-3700. To 
obtain lower current operation, 
the HCPL-3760 uses a high- 
efficiency AlGaAs LED which 
provides higher light output at 
lower drive currents. Both 
devices utilize threshold sensing 
input buffer ICs which permit 
control of threshold levels over a 
wide range of input voltages 
with a single external resistor. 


The input buffer incorporates 


Outline Drawing 


9.40 (.370) 
9.90 (.390) | 


| 









- TYPE NUMBER 
DATE CODE 





HP XXXX 


UL 
RECOGNITION 


Pa 1.78 (.070) MAX. 
<+— 1.19 (.047) MAX. 





— 


\ 4.70 (.185) MAX. 
tos (.020) 
MIN. 


2.92 (.115) MIN. 
— 0.65 (.025) MAX. 
| a 2.28 (.090) 
~<t > 
2.80 (.110) 





0.78 090 
1.40 
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HCPL-3700 
HCPL-3760 


HCPL-3700/60 





several features: hysteresis for 
extra noise immunity and 
switching immunity, a diode 
bridge for easy use with ac 
input signals, and internal 
clamping diodes to protect the 
buffer and LED from a wide 
range of over-voltage and over- 
current transients. Because 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


OPTOCOUPLERS 











threshold sensing is done prior 
to driving the LED, variations 
in optical coupling from the 
LED to the detector will have no 
effect on the threshold levels. 


The HCPL-3700's input buffer 
IC has a nominal turn on 


threshold of 2.5 mA (1,,, +) and _ 


3.7 volts (V,,,; +): 


The buffer IC for the HCPL- 
3760 was redesigned to permit a 
lower input current. The 
nominal turn on threshold for 
the HCPL-3760 is 1.2 mA (I,,, +) 
and 3.7 volts (V,,,, +). 


The high gain output stage 


By combining several unique 
functions in a single package, 
the user is provided with an | 
ideal component for industrial - 
control computer input boards 

and other applications where a 
predetermined input threshold | 
level is desirable. 


features an open collector 
output providing both TTL 
compatible saturation voltages 
and CMOS compatible break- 
down voltages. 


Schematic 


DCt INPUT 
O 





O 
DC- INPUT 


Absolute Maximum Ratings (No derating required up to 70°C) 






Input Current _ 






Input Voltage (Pins 2-3) 


Input Power Dissipation 


Output Power Dissipation 


Q 


Output Current 
Supply Voltage (Pins 8-5) — 
Output Voltage (Pins 6-5) | 


Recommended Operating Conditions 


Parameter 
Supply Voltage | 


Operating Temperature . 


| Operating Temperature | Tk 


Operating Frequency | | 


[Parameter CS 


Storage Temperature : —_ | 
Operating Temperature 7 oe a A 


Lead Soldering Cycle | Temperature 
| : Time 


Average _ 


Surge | 
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Transient — 


Total Package Power Dissipation 


Average 
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Electrical Specifications 
Over Recommended Temperature T, = 0°C to 70°C, Unless Otherwise Specified. 


HCPL-3700 | 1.96 Vin = Vou. Veo = 4:5 V3 


a 
p= 
rm 


V, =0.4 V;1, 24.2mA 






HCPL-3760 | 0.87 





Input Threshold 


Current 
DC 
(Pins 2, 3) 


HCPL-3700 | 1.00 


—_ 
a 
o> 
Nt 


pr | 

es 
= 
or 
oO 


_ se 
a) Qo 
R S 


GE 
Se 
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HCPL-3760 | 0.4 


<j 


3 
x 
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|g ig! 
Sed 
~q 


































2.01 
Input 
Threshold 
Voltage Viz l¥,-V,1; 
Pins 2 & 3 Open 
AC Ven 4.23 Voc = 4-5 V; V, = 0.4 V; 
(Pins 1, 4) I, 24.2 mA 
Vi = IV, -V, 1; 
Veg. 2.87 3.7 | 4.20 Pins 2 & 3 Open 


Voc = 4-5 V; V, = 2.4 V; 
I, $100 pA 


< 


= 
< 
& 


HCPL-3700 
livs 
Hysteresis HCPL-3760 


THC. 





Viner = V,- V3 V5 = GND; 
Ly =10 mA; Pinl&4 
Connected to Pin 3 

Vince = |V,-V, 1; 
iff = 10 mA; 
Pins 2 & 3 Open 


5.4 











1HC2 


Input Clamp Voltage 


Vines = V, — V,3 V, = GND; 
Ly = 15 mA; Pins 1 & 4 Open 


IHC3 
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HCPL-3700 
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Input Current Vin = V,—-V, =5.0V 


Pins 1 & 4 Open 


HCPL-3760 | 1.5 
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HCPL-3700 a 1, =3mA 
Vous ; : 
HCPL-3760 ri 0.51 Ly = 1-5 mA 
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Electrical ares (Continued) 


Logic Low Output 
| Voltage 

Logic High 

Output Current 


Logic Low Supply _ | . | ! We V, = 5.0 V; V, = Open; 
Current . . = ‘. OV 


| Logic High Supply 
| Current 


Input-Output 
Insulation 


Input-Output 
Resistance 


Input-Output : f= 1MHz;V,,=0 VDC 
Capacitance ; 


Input Capacitance a ; p f= 1 MHz; V,, =0V, 
| Pins 2 & 3, Pins 1 & 4 Open 





*For JEDEC registered parts. 


Switching Specifications 
T, = 25°C, V,, = 5.0 V Unless Otherwise ae 


Parameter Device 


Propagation Delay OEE Oe 
Time to Logic Low 
at Output HCPL-3760 


Propagation Delay HCPL-3700 
Time to Logic High 


at Output ia HCPL-3760 


5 


f? >) : 


nits Test Conditions | Fig. | Note | 


R, = 4.7 kQ, C, = 30 pF 


pe: 


R,, = 4.7 kQ, C, = 30 pF 


‘HCPL-3700 


Output Rise Time | . 
(10-90%) e | HCPL-3760 


-HCPL-3700 


= 
R 


R, = 4.7 kQ, C, = 30 pF 


ry 
7 
@ 


Output Fall Time : 
(90-10%) | | HCPL-3760 


R,, = 4.7 kQ, C, = 30 pF 


2 


o 
NS 


Common Mode 
Transient Immunity 
at Logic Low Output — 


Common Mode HCPL-3700 
Transient Immunity 
at Logic High Output — Boren 


Lie =0 mA, R, = 4.7 kQ, 
Vo min = 29 V, Voy = 1400 V 


Iy = 3-11 mA | R, = 4.7 kQ, 


| VG mex = 0.8 V, 
I, = 1.56 mA | V,,, = 140V 
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Insulation Related Specifications 


Paramate Symbol 
Min. External Air Gap L (101) Measured from input terminals to 
(Clearance) output terminals 
Min. External Tracking Path L (102) Measured from input terminals to 
(Creepage) output terminals : 


Min. Internal Plastic Gap 
(Clearance) 


Tracking Resistance CTI 


Isolation Group 
(per DIN VDE 0109) 


Notes: 


DIN IEC 112/VDE 0303 Part 1 
_ Material Group DIN VDE 0109 | 

1. Measured at a point 1.6 mm below seating plane. 

2. Current into/out of any single lead. 


3. Surge input current duration is 3 ms at 120 Hz pulse repetition rate. Transient input current duration is 10 ps at 120 Hz 
pulse repetition rate. Note that maximum input power, P,,, must be observed. 

4. Derate linearly above 70°C free-air temperature at a rate of 4.1 mW/°C. Maximum input power dissipation of 230 mW allows 
an input IC junction temperature of 125°C at an ambient temperature of T, = 70°C with a typical thermal resistance from 
junction to ambient of 6,,, = 240°C W. Excessive P,, and T, may result in IC chip degradation. Oe . 

5. Derate linearly above 70°C free-air temperature at a rate of 5.4 mW/°C. | | 

6. Derate linearly above 70°C free-air temperature at a rate of 3.9 mW/°C. Maximum output power dissipation of 210 mW | 
allows an output IC junction temperature of 125°C at an ambient temperature of T, = 70°C with a typical thermal resistance 
from junction to ambient of 6,,, = 265°C/W. 

7. Derate linearly above 70°C free-air temperature at a rate of 0.6 mA/°C. 

8. Maximum operating frequency is defined when output waveform Pin 6 obtains only 90% of V,,, with R, = 4.7 kQ, C, = 30 pF 
using a 5 V square wave input signal. 

9. All typical values are at T, = 25°C, V,, = 5.0 V unless otherwise stated. 

10. The t,,,, propagation delay is measured from the 2.5 V level of the leading edge of a 5.0 V input pulse (1 ps rise time) to the 
1.5 V level on the leading edge of the output pulse (see Figure 9). | 

11. Thet,,,, propagation delay is measured from the 2.5 V level of the trailing edge of a 5.0 V input pulse (1 ps fall time) to the 
1.5 V level on the trailing edge of the output pulse (see Figure 9). 

12. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dV,,,,,, on the leading edge of the 
common mode pulse, V,,,, to insure that the output will remain in a Logic High state (i.e., V, > 20 V). Common mode 
transient immunity in Logic Low level is the maximum tolerable (negative) dV,,,,,, on the trailing edge of the common mode 
pulse signal, V,,,,, to insure that the output will remain in a Logic Low state (i.e., vy. < 0.8 V). See Figure 10. 

13. In applications where dV,,,,,, may exceed 50,000 V/us (such as static discharge), a series resistor, R,,, should be included to | 
protect the detector IC from destructively high surge currents. The recommended value for R,,, is 240Q per volt of allowable 
drop in V,,, (between Pin 8 and V,,) with a minimum value of 240Q. 

14. Logic low output level at Pin 6 occurs under the conditions of V,,, 2 V,,,,, a8 well as the range of V,,, > V,,,_ once V,,, has 
exceeded V,,,,,. Logic high output level at Pin 6 occurs under the conditions of V,, < Vy. as well as the range of V,,, < V4, 
once V,,, has decreased below V,,,, . 

15. AC voltage is instantaneous voltage. 

16. Device considered a two terminal device: Pins 1, 2, 3, 4 connected together, and Pins 5, 6, 7, 8 connected together. 
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lin - INPUT CURRENT - mA 





Vin - INPUT VOLTAGE - V 


Figure 1. Typical Input Characteristics, I, vs. V,,, (AC Voltage is Instantaneous Value). 


Voc =5V 
Ta = 25°C 
“R,=4.7 kN 


Vo — OUTPUT VOLTAGE — V 
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Figure 2. Typical Transfer Characteristics. 
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Figure 3. Typical DC Threshold Levels vs. Temperature. 
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Ity - CURRENT THRESHOLD -mA 


‘lccH — HIGH LEVEL SUPPLY CURRENT — yA 





Ta — TEMPERATURE — °C 


Figure 4. Typical High Level Supply Current, I,,,, vs. 
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Figure 5. Typical Input Current, I, and Low Level Output Voltage, V,,, vs. Temperature. 
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5.0 V 

1 ms PULSE WIDTH 
f = 100 Hz 
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Figure 6. Typical Propagation Delay vs. Temperature. 
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Vo. — LOW LEVEL OUTPUT VOLTAGE — mV 
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HCPL-3700 


1ms PULSE WIDTH 
f = 100 Hz : 
t,, te = Tus (10-90%) 


t, — RISE TIME — us 
te — FALL TIME — ns 














-40 -20 0 20 40 60 80 


Ta — TEMPERATURE — °C 


Figure 7. Typical Rise, Fall Times vs. Temperature. 


Veco = 6.0 V 

ly = 3.11 mA (3700) 
lin =1.53mA (3760) 
Vo. = 0.8V 

R._=4.7 K 





CM — COMMON MODE TRANSIENT IMMUNITY — V/s 


° 400 800 1200 1600 2000 


Vom ~ COMMON MODE TRANSIENT AMPLITUDE — V 


Figure 8. Common Mode Transient Immunity vs. 
Common Mode Transient Amplitude. 











PULSE 
GENERATOR 
Zo = 502 


PULSE AMPLITUDE = 5.0V 
PULSE WIDTH = 1 ms a 

f = 100 Hz * C_ IS 30 pF, WHICH INCLUDES PROBE 
ty = te = 1.0us (10-90%) AND STRAY WIRING CAPACITANCE. 


Figure 9. Switching Test Circuit. 
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VIN 


Vo 


HCPL-3760 


1 ms PULSE WIDTH 
f= 100 Hz 
tr, t#= 1 ws (10-90%) 


25 


50 


Ta - TEMPERATURE - °C 





75 85 


te - FALL TIME - ns 





Vou 


1.5V 
VoL 


ee HCPL-3700/60 


0.01 uf 
BYPASS 


Ver WZ Vo 


Cyr* 





* SEE NOTE 13 
PULSE GENERATOR ry 


** C_ IS 30 pF, WHICH INCLUDES PROBE 
AND STRAY WIRING CAPACITANCE. 





———onnemems FY CM 


Vo SWITCH AT A: 


lin =OmA ———— Vomin 
Voine ee 
Vo MAX 
eee | See ee Vo, CML 
SWITCH AT B: 


lin = 1.56 mA (3760) 
lin = 3.11 mA (3700) 


Figure 10. Test Circuit for Common Mode Transient Immunity and Typical Waveforms. 
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Rx — EXTERNAL SERIES RESISTOR — kQ2 


Ry - EXTERNAL SERIES RESISTOR - k{2 


Figure 11. Typical External Threshold Characteristics, V+ vs. R,. 
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Figure 12. External Threshold Voltage Level Selection. 
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Electrical 
Considerations 

The HCPL-3700/3760 
optocouplers have internal 
temperature compensated, 
predictable voltage and current 
threshold points which allow 
selection of an external resistor, 
R,, to determine larger external 
threshold voltage levels. For a 
desired external threshold 
voltage, V,, a corresponding 
typical value of R,, can be ob- 
tained from Figure 11. Specific 
calculation of R, can be obtained 


from Equation (1). Specification — 


of both V, and V_ voltage 
threshold levels simultaneously 
can be obtained by the use of R, 
and R, as shown in Figure 12 
and determined by Equations 
(2) and (3). 


R, can provide over-current 
transient protection by limiting 
input current during a transient 
condition. For monitoring con- | 
tacts of a relay or switch, the 
HCPL-3700/3760 in combina- 
tion with R, and R, can be used 
to allow a specific current to be 
conducted through the contacts 
for cleaning purposes (wetting 
current). 


The choice of which input 
voltage clamp level to choose 
depends upon the application of 
this device (see Figure 1). It is 
recommended that the low 


clamp condition be used when 
possible. The low clamp 
condition in conjunction with 
the low input current feature 
will ensure extremely low input 


power dissipation. 


In applications where dV aya, 
may be extremely large (such as 
static discharge), a series resis- 
tor, R,, should be connected in 
series with V_., and Pin 8 to pro- 
tect the detector IC from 
destructively high surge 
currents. See Note 13 for deter- 
mination of R,,. In addition, it 
is recommended that a ceramic 
disc bypass capacitor of 0.01 uf 
be placed between Pins 8 and 5 
to reduce the effect of power 
supply noise. 


For interfacing AC signals to 
TTL systems, output low pass 
filtering can be performed with 
a pullup resistor of 1.5 kQ and 
20 uf capacitor. This application 
requires a Schmitt trigger gate 
to avoid slow rise time chatter 
problems. For AC input applica- 
tions, a filter capacitor can be 
placed across the DC input 
terminals for either signal or 
transient filtering. 


Either AC (Pins 1, 4) or DC 
(Pins 2, 3) input can be used to 
determine external threshold 
levels. 
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For one specifically selected 
external threshold voltage level 
V, or V,, R, can be determined 
without use of R, via 


V_-V 
‘O™, 
Re Se (Y) 
I 


TH+ 
(-) 


For two specifically selected 
external threshold voltage 
levels, V, and V,, the use of R, 
and R, will permit this selection 


via equations (2), (3) provided 


the following conditions are 
met. If the denominator of 
equation (2) is positive, then 





v. > Vine and V7 Vine < Tine 
Ne Vi V=Vig. - Tee 


Conversely, if the denominator 
of equation (2) is negative, then 


V2 Vig. 1 


V 
pues SEE aad 222 Tt 


wa: VeVi lage 


Vir. (V,) - Viz, CV.) 
= TH- + TH+ - (2) 


Tia. (Vir) - Ing. Vir.) 


Vin. (V,) - Vi, CV) 
Ree) 
Toys V - Vis) Lig (Vor, V,,) 


OPTICALLY COUPLED 


HEWLETT 


G 





PACKARD 


SCHEMATIC 


| 

I 

| 

| 

| 

{ 
~e 
i 

| 


SHIELD 


TRUTH TABLE 
(POSITIVE LOGIC)* 


*CURRENT LOOP CONVENTION — 
H = MARK: Io >12 mA, 
L= SPACE: Io <2 mA. 





Features 


e GUARANTEED 20 mA LOOP PARAMETERS 

e DATA INPUT COMPATIBLE WITH LSTTL, TTL 
AND CMOS LOGIC 

e GUARANTEED PERFORMANCE OVER 
TEMPERATURE (0°C TO 70°C) 

e INTERNAL SHIELD FOR HIGH COMMON MODE 
REJECTION 

e 20 KBaud DATA RATE AT 400 METRES LINE 
LENGTH 

e GUARANTEED ON AND OFF OUTPUT 
CURRENT LEVELS 

e RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. E55361) FOR 
DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 

e VDE 0883 APPROVAL PENDING 


e OPTICALLY COUPLED 20 mA CURRENT LOOP 
RECEIVER, HCPL-4200, ALSO AVAILABLE. 


Applications 


e IMPLEMENT AN ISOLATED 20 mA CURRENT 
LOOP TRANSMITTER IN: 
Computer Peripherals | 
Industrial Control Equipment 
Data Communications Equipment 


20 MA CURRENT LOOP | HCPL-4100 


TRANSMITTER 





OUTLINE DRAWING* 


<____ 9-40 (.370) 
~~ 550 90 (.390) 













rd Gay tad 


a Paeee .78 (.070) MAX. 
@— 1.19 (.047) MAX. 





4 


DIMENSIONS IN MILLIMETRES AND (INCHES) 


ee 70 (. , MAX. 


fae ies oe 020) 
2.92 (.115) MIN. 








in .030) = a 65 (.025) MAX. 
7.40 (.055) | 2.28 (.090) 

2.80 (.110) 
Description 


The HCPL-4100 optocoupler is designed to operate as a 
transmitter in equipment using the 20 mA current loop. 20 
mA current loop systems conventionally signal a logic 
high state by transmitting 20 mA of loop current (MARK), 
and signal a logic low state by allowing no more than a 
few milliamperes of loop current (SPACE). Optical 


coupling of the signa! from the logic input to the 20 mA 
current loop breaks ground loops and provides very high 
immunity to common mode interference. 


The HCPL-4100 data input is compatible with LSTTL, TTL, 
and CMOS logic gates. The input integrated circuit drives 
a GaAsP LED. The light emitted by the LED is sensed by a 
second integrated circuit that allows 20 mA to pass with a 
voltage drop of less than 2.7 volts when no light is emitted 
and allows less than 2 mA to pass when light is emitted. 
The transmitter output is capable of withstanding 27 volts. 
The input integrated circuit provides a controlled amount 
of LED drive current and takes into account LED light 
output degradation. The internal shield allows a guaranteed 
1000 V/us common mode transient immunity. 
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Recommended Operating Absolute Maximum Ratings 
Conditions = ~~ 
a 


Power Supply A | 
Voltage Vcc 


(No Derating Required up to 55°C) 3 


eoeoeerevreereeeoere eevee 


Lead Solder Temperature ............ 260° C for 10 sec. 
(1.6 mm below seating plane) 





Input Voltage Low Supply Voltage — VoC..... eee eee eee ee eee ences Oto 20V - 
Average Output Current—lo ........ -30 mA to 30 mA 
Peak Output Current —lo ..... oh aegis internally limited 
Output Voltage — Vo ..... ce eee cee eee -0.4 V to 27 V 
Input Voltage — Vi... cee ee ee eee -0.5 V to 20 V 
Input Power Dissipation — Pi .............. 265 mWI1] 
Output Power Dissipation — Po ............ 125 mWi2! 


Total Power Dissipation P ............... 360 mWis! 


Electrical Specifications 


For 0°C < Ta S 70°C, 4.5 VS Voc € 20 V, all typicals at Ty, = 25°C and Voc = 5 V unless otherwise noted. See note 12. 


1.8 


Mark State Output 2.25 lo=2mA 






lo=12mA 
Volts lo=20mA 


isc | ma | vin2v,vo=svt027v | 
Space State Output | _ _ | 


2.2 
2.35 
Low Level Input Current Voc = 20 V, Vi=0.4V 


— 
RO 


Voltage 





Mark State Short Circuit 
Output Current 


20 uA |. | 
High Level Input Current} liq | 100 pA , | 
| | 0.005| 250 | wA | 
70 1115 1 mA | Vcc=55V | O0VSVi<S20V_ 
Supply Current eee 78 | 13 | mA |Voc=20v |. 
5 


pene Ry < 50%, t = 1 min. | 
Input-Output Insulation | Vigo 2500 . VamMs ne eee 


Resistance e 7 
Capacitance = 7 Ta | 
(input-output) poof fs] fey aes ei 


Notes: a 

1. Derate linearly above 55°C free air temperature at a rate of 3.8 mW/°C. Proper application of the derating factors will prevent IC 
junction temperatures from exceeding 125°C for ambient temperatures up to 85°C. . 7 

2. Derate linearly above a free-air temperature of 70°C at a rate of 2.3 mW/°C. A significant amount of power may be dissipated in 
the HCPL-4100 output circuit during the transition from the SPACE state to the MARK state when driving a data line or capacitive 
load (Cout). The average power dissipation during the transition can be estimated from the following equation which assumes a 
linear discharge of a capacitive load: P = Isc (Vso + Vmo)/2, where Vso is the output voltage in the SPACE state. The duration of 
this transition can be estimated as t = Cout (Vso - Vmo)/Isc. For typical applications driving twisted pair data lines with NRZ data 
as shown in Figure 11, the transition time will be less than 10% of one bit time. 

3. Derate linearly above 55°C free-air temperature at a rate of 5.1 mW/°C. - | a 

4. The maximum current that will flow into the output in the mark state (Isc) is internally limited to protect the device. The duration of 
the output short circuit shall not exceed 10 ms. 

5. The device is considered a two terminal device, pins 1, 2, 3, and 4 are connected together, and pins 5, 6, 7, and 8 are connected 
together. ; 
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Switching Specifications 


forO< Tas 70°C, 45 V<Vcec < 20 V, all typicals at Ta = 25°C and Vcc = 5 V unless otherwise noted 


[Symbat[ win. | Typ. [Max | Units [Testing Condiions | Fig. Note 


2 








Parameter 










Propagation Delay Time 
to Logic High Output 
Level 





Propagation Delay Time 
to Logic Low Output 
Level 



























Vi=2V,Ta=25°C 
Vcm = 50 V (peak), Voc =5 V 
lo (min.) = 12 mA 


Vi=0.8 V, Ta = 25°C 
Vom = 50 V (peak), Vcc =5 V 
lo (max.)=3 mA 











Common Mode 
Transient Immunity at 
Logic Low Output Level 





| 

Propagation Delay _ 
Output Rise Time _ _ _ 
Output Fall Time _ = a 
Common Mode 
Transient Immunity at |CMH | 1,000] 10,000 V/s 
Logic High Output Level 

| CML | 1,000 | 10,000 pf vie 
Insulation Related Specifications 
Min. External Air Gap (Clearance) 

L ) > 


( 
Min. External Tracking Path (Creepage) (102 | 27 | mm | Measured from input terminals to output terminals 
Min. Internal Plastic Gap (Clearance) = He Through insulation distance conductor to conductor 
Volts 


Tracking Resistance DIN IEC 112/VDE 0303 Part 1 


Isolation Group (per DIN VDE 0109) | tila | Material Group DIN VDE 0109 











Conditions 













Measured from input terminals to output terminals 


























Notes: 
6. The tp. propagation delay is measured from the 1.3 volt level on the leading edge of the input pulse to the 10 mA level on the 
leading edge of the output pulse. 
7. The tpy, propagation delay is measured from the 1.3 volt level on the trailing edge of the input pulse to the 10 mA level on the 
trailing edge of the output pulse. 
8. The rise time, t,, is measured from the 10% to the 90% level on the rising edge of the output current pulse. 
9. The fall time, t;, is measured from the 90% to the 10% level on the falling edge of the output current pulse. 
10. The common mode transient immunity in the logic high level is the maximum (positive) dVcy/dt on the leading edge of the 
common mode pulse, Voy, that can be sustained with the output in a Mark (“H”) state (i.e., lo > 12 mA). 
11. The common mode transient immunity in the logic low level is the maximum (negative) dVcy/dt on the leading edge of the 
common mode pulse, Voy, that can be sustained with the output in a Space (“L”) state (i.e., lo > 3 mA). 
12. Use of a 0.1 uF bypass capacitor connected between pins 5 and 8 is recommended. 
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Vo — OUTPUT VOLTAGE — Vv 


Vo — OUTPUT VOLTAGE —V 





Ta - TEMPERATURE -—°C lo — OUTPUT CURRENT — mA 
Figure 1. Typical Mark State Output Voltage vs. Figure 2. Typical Output Voltage vs. Output Current in 


Temperature Mark State 















1.3 
a 1.2 VLINE 0 Voc 
E 
1 44 US 3 V, 10 KHz 
E \ SQUARE WAVE 
iu 
= 10 
2 GENERATOR 
wi Zo =502 
Q 0.9 tr =tf=5ns 
a. 
(77) 
| 0.8 
0.7 
ae ae | 
0.6 INCLUDING PROBE AND JIG CAPACITANCES. = 
40 -20 0 20 40 60 80 100 
Ta — TEMPERATURE — °C 
Figure 3. Typical Space State Output Current vs. Figure 4. Test Circuit for tp_y, tpHL, ty, and ts 





Temperature 


tp — PROPAGATION DELAY — us 





Ta — TEMPERATURE — °C 


Figure 5. Waveforms for tp_y, tpHL., t,, and ts Figure 6. Typical Propagation Delay vs. Temperature 
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= 1000 pF 
15 pF 


tr, ts — RISE AND FALL TIMES — ns 





: -40 -20 0 20 «=40 60 80 100 


Ta — TEMPERATURE — °C 


Figure 7. Typical Rise, Fall Times vs. Temperature 
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Figure 8. Test Circuit for Common Mode Transient 
Immunity 
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— 0.48 V MIN. 








SWITCH AT B O.4VORLESS 9.6 V MAX. pan, 


CML 
OV 





Figure 9. Typical Waveforms for Common Mode 
Transient Immunity 


Applications 


Data transfer between equipment which employs current 
loop circuits can be accomplished via one of three con- 
figurations: simplex, half duplex or full duplex com- 
munication. With these configurations, point to point and 
multidrop arrangements are possible. The appropriate 
configuration to use depends upon data rate, number of 
stations, number and length of lines, direction of data flow, 
protocol, current source location and voltage compliance 
value, etc. . 


SIMPLEX 

The simplex configuration, whether point to point or multi- 
drop, gives unidirectional data flow from transmitter(s) to 
receiver. This is the simplest configuration for use in long 
line length (two wire), moderate data rate, and low current 
source compliance level applications. A block diagram of 
simplex point to point arrangement is given in Figure 10 
for the HCPL-4100 transmitter optocoupler. 


DATA 





ISOLATED 
STATION 


[oo re eee 






XMTR 
HCPL-4100 


NON-ISOLATED 


STATION 








Figure 10. Simplex Point to Point Current Loop System 
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Configuration 
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Major factors which limit maximum data rate performance 
for a simplex loop are the location and compliance voltage 
of the loop current source as well as the total line capaci- 
tance. Application of the HCPL-4100 transmitter in a 
simplex loop necessitates that a non-isolated active re- 
ceiver (containing current source) be used at the opposite 
end of the current loop. With long line length, large line 
capacitance will need to be charged to the compliance vol- 
tage level of the current source before the receiver loop 
current decreases to zero. This effect limits upper data 
rate performance. Slower data rates will occur with larger 
compliance voltage levels. The maximum compliance level 
is determined by the transmitter breakdown characteristic. 
In addition, adequate compliance of the current source 
must be available for voltage drops across station(s) during 
the MARK state in multidrop applications for long line 
lengths. 


In a simplex multidrop application with multiple HCPL- 
4100 transmitters and one non-isolated active receiver, 
priority of transmitters must be established. 


A recommended non-isolated active receiver circuit which 
can be used with the HCPL-4100 in point to point or in 
multidrop 20 mA current loop applications is given in Fig- 
ure 11. This non-isolated active receiver current threshold 
must be chosen properly in order to provide adequate 
noise immunity as well as not to detect SPACE state cur- 
rent (bias current) of the HCPL-4100 transmitter. The 
receiver input threshold current is Vth/Rth ~ 10 mA. A sim- 


ple transistor current source provides a nominal 20 mA . 


loop current over a Vcc compliance range of 6 V dc to 
27 V dc. A resistor can be used in place of the constant 
current source for simple applications where the wire loop 


TRUTH TABLE 
(POSITIVE LOGIC) 





distance and number of stations on the loop are fixed. A 
minimum transmitter output load capacitance of 1000 pF 
is required between pins 3 and 4 to ensure absolute 
stability. 


Length of the current loop (one direction) versus minimum 
required DC supply voltage, Vcc, of the circuit in Figure 
11 is graphically illustrated in Figure 12. Multidrop config- 
urations will require larger Voc than Figure 12 predicts in 
order to account for additional station terminal voltage 
drops. : 


Voc = 0.00212 (L) +5.7V 


Rcoasce = 0.05296 Q/m 
tLoop = 20 mA 
__VMaRK = 2.7 Vde (HCPL-4100) 
Vsat = 1.5 Vde (CURRENT SOURCE) 


Vcc — VOLTS 





0 100 1000 10000 


L = LOOP LENGTH (ONE DIRECTION) METRES 


Figure 12. Miminum Required Supply Voltage, Voc, vs. 
Loop Length for Current Loop Circuit of 
Figure 12 
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Figure 11. Recommended Non-tIsolated Active Receiver with HCPL-4100 Isolated Transmitter for Simplex: point to Point 


20 mA Current Loop 
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25% DISTORTION 
DATA RATE 
—-—— 10% DISTORTION 
DATA RATE 
= oe = MAXIMUM DATA 
RATE 
(<25% DISTORTION) 


DATA RATE — kBAUD 





10 100 1000 10,000 


L — LOOP LENGTH {ONE DIRECTION) — METRES 


Figure 13. Typical Data Rate vs. Distance and Supply 
Voltage 


Typical data rate performance versus distance is illus- 
trated in Figure 13 for the combination of a non-isolated 
active receiver and HCPL-4100 optically coupled current 
loop transmitter shown in Figure 11. Curves are shown for 
25% distortion data rate at different Vcc values. 25% dis- 
tortion data rate is defined as that rate at which 25% 
distortion occurs to output bit interval with respect to the 
input bit interval. Maximum data rate (dotted line) is re- 
stricted by device characteristics. An input 
Non-Return-to-Zero (NRZ) test waveform of 16 bits 
(0000001011111101) was used for data rate distortion mea- 
surements. Enhanced speed performance of the loop 
system can be obtained with lower Vcc supply levels, as 
illustrated in Figure 13. In addition, when loop current is 
supplied through a resistor instead of by a current source, 
an additional series termination resistance equal to the 
characteristic line impedance can be used at the HCPL- 
4100 transmitter end to enhance speed of response by 
approximately 20%. 


The cable used contained five pairs of unshielded, twisted, 
22 AWG wire (Dearborn #862205). Loop current is 20 mA 
nominal. Input and output logic supply voltages are 5 V 
dc. 
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Figure 14. Full Duplex Point to Point Current Loop 
System Configuration 


DATA 


DATA 


FULL DUPLEX 

Full duplex point to point communication of Figure 14 
uses a four wire system to provide simultaneous, bi- 
directional data communication between local and remote 
equipment. Basic application uses two simplex point to 
point loops which have two separate, active, non-isolated 
units at one common end of the loops. The other end of 
each loop is isolated. 


As Figure 14 illustrates, the combination of Hewlett- 
Packard current loop optocouplers, HCPL-4100 
transmitter and HCPL-4200 receiver, can be used at the 


isolated end of current loops. Cross talk and common 
mode coupling are greatly reduced when optical isolation 
is implemented at the same end of both loops, as shown. 
Full duplex data rate is limited by the non-isolated active 
receiver current loop. Comments mentioned under sim- 
plex configuration apply to the full duplex case. Consult 
the HCPL-4200 receiver optocoupler data sheet for speci- 
fied device performance. 


HALF DUPLEX 

The half duplex configuration, whether point to point or 
multidrop, gives non-simultaneous bidirectional data flow 
from transmitters to receivers shown in Figures 15a and 
15b. This configuration allows the use of two wires to 
carry data back and forth between local and remote units. 
However, protocol must be used to determine which spe- 
cific transmitter can operate at any given time. Maximum 
data rate for a half duplex system is limited by the loop 
current charging time. These considerations were ex- 
plained in the Simplex configuration section. 


Figures 15a and 15b illustrate half duplex application for 
the combination of HCPL-4100/-4200 optocouplers. The 
unique and complementary designs of the HCPL-4100 
transmitter and HCPL-4200 receiver optocouplers provide 
many designed-in benefits. For example, total optical iso- 
lation at one end of the current loop is easily 
accomplished, which results in substantial removal of 
common mode influences, elimination of ground potential 
differences and reduction of power supply requirements. 
With this combination of HCPL-4100/-4200 optocouplers, 
specific current loop noise immunity is provided, i.e., min- 
imum SPACE state current noise immunity is 1 mA, MARK 
state noise immunity is 8 mA. 


Voltage compliance of the current source must be of an 
adequate level for operating all units in the loop while not 
exceeding 27 V dc, the maximum breakdown voltage for 
the HCPL-4100. Note that the HCPL-4100 transmitter will 
allow output loop current to conduct when input Vcc 
power is off. Consult the HCPL-4200 receiver optocoupler 
data sheet for specified device performance. 


For more informaton about the HCPL-4100/-4200 opto- 
couplers, consult Application Note 1018. 
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Figure 15. Half Duplex Current Loop System Configurations for (a) Point to Point, (b) Multidrop 
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OPTICALLY COUPLED 


w HEWLETT 
(i) PACKARD 


SCHEMATIC 


SHIELD | 


TRUTH TABLE 
(POSITIVE LOGIC)* 


*CURRENT LOOP CONVENTION — 
H = MARK: I, > 12 mA, 

L= SPACE: I,<3 mA, 

Z = OFF (HIGH IMPEDANCE) STATE. 





Featur es 


¢ DATA OUTPUT COMPATIBLE WITH LSTTL, TTL 
AND CMOS 


* @ 20K BAUD DATA RATE AT 1400 METRES LINE 


LENGTH 


e GUARANTEED PERFORMANCE OVER 
TEMPERATURE (0°C TO 70°C) 


GUARANTEED ON AND OFF THRESHOLDS 
LED IS PROTECTED FROM EXCESS CURRENT 
INPUT THRESHOLD HYSTERESIS 


THREE-STATE OUTPUT COMPATIBLE WITH 

DATA BUSES 

¢ INTERNAL SHIELD FOR HIGH COMMON MODE 
REJECTION 

¢ RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF ULL. (FILE NO. £55361) FOR 

_ DIELECTRIC WITHSTAND PROOF TEST 
VOLTAGES OF 2500 Vac, 1 MINUTE 

¢ OPTICALLY COUPLED 20 mA CURRENT LOOP 

TRANSMITTER, HCPL-4100, ALSO AVAILABLE. 


° VDE 0883 APPROVAL PENDING 


Applications 


e IMPLEMENT AN ISOLATED 20 mA eee 
LOOP RECEIVER IN: 
Computer Peripherals 
Industrial Control Equipment 
Data Communications Equipment 
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20 MA CURRENT LOOP 


HCPL-4200 
RECEIVER 





OUTLINE DRAWING* 
<___ 9.40 (.370) 
~~~ 9.50 (390) 















1 4.70 (.185) MAX. 
| _[Petae a i p20) 
r+ ara 2.92 (.115) MIN. 
0.76 (.030) | ~<— 0.65 + 025) MAX. 


2.28 (.090 
1.40 (.055) | -| 22 2.80 _ 





Description 


The HCPL-4200 optocoupler is designed to operate as a 
receiver in equipment using the 20 mA Current Loop. 20 
mA current loop systems conventionally signal a logic 
high state by transmitting 20 mA of loop current (MARK), 
and signal a logic low state by allowing no more than a 
few milliamperes of loop current (SPACE). Optical cou- 
pling of the signal from the 20 mA current loop to the 


| logic output breaks ground loops and provides for a very 


high common mode rejection. The HCPL-4200 aids in the 
design process by providing guaranteed thresholds for 
logic high state and logic low state for the current loop, 
providing an LSTTL, TTL, or CMOS compatible logic 
interface, and providing guaranteed common mode re- 
jection. The buffer circuit on the current loop side of the 
HCPL-4200 provides typically 0.8 mA of hysteresis which 
increases the immunity to common mode and differential 


mode noise. The buffer also provides a controlled amount: 


of LED drive current which takes into account LED light 
output degradation. The internal shield allows a guaranteed 
1000 VW/us common mode transient immunity. 
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Output Leakage Current 
~ | (out > Voc) on 


Recommended Operating Absolute Maximum Ratings 


Conditions | | : (No Derating Required up to 70°C) 
Storage Temperature ............. we. 55°C to 125°C 
Operating Temperature ........ neh eer —40°C to 85°C 
; Lead Solder Temperature ............ 260° C for 10 sec. 
Forward Input | (1.6 mm below the seating plane) 
Current (SPACE) oe eee Voc . : Sere ncon ets ees 7 ; ; V pe aes 
ne Average Input Current — ly .......... —30 mA to 30 m 
etic aa re Peak Transient Input Current— li ............. 0.5 All] 
Operating Enable Input Voltage — Ve ............. —0.5 V to 20 V. 
Output Voltage — Vo ..............00.. —0.5Vto20V 
Average Output Current — lo ...... eee eee ee eee 25 mA 
fFanOut | ON Input Power Dissipation — P| ............... 90 mWI2] 
Output Power Dissipation — Po ............ 210 mWI3). 
Enable Voltage Ver __| Total Power Dissipation —P ..... ee ee 255 mWI4! 
Logic High 
Enable Voltage VEH 2.0 





Electrical Specifications 


For 0°C S Ty S 70°C, 4.5 V S Vec S 20 V, Ve = 0.8 V, all typicals at Ta = 25°C and Vcc = 5 V unless otherwise noted. 


See note 13. Sea, 
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Logic High Short 
Circuit Output Current 


Input-Output Insulation Viso 2500 Vas i aera min. Be 
AE 


Input-Output Resistance Vi-o = 500 V dc i | fe al 
Input-Output Capacitance - = , | Len cal 


| pF | f=1MHz, Vio =0V de 
Input Capacitance Ci 


pF - | 
f= 1 MHz, Vi=0V de, Pins 1 and 2 
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Switching Specifications 


For 0°C < Ta <70°C, 4.5 V< Vcc < 20 V, Ve = 088 V, all typicals at Ta = 25°C and Vcc = 5 V unless otherwise noted 


i aie FE BS 1 ae 8 


Propagation Delay Time 
to Logic High Output 
Level 













Propagation Delay Time 
to Logic Low Output 
Level 


Propagation Delay = 

Output Enable Time t 

to Logic Low Level ve 

Output Enable Time ' 

to Logic High Level eet 

Output Disable Time t 
from Logic Low Level PLZ 
Output Disable Time ' 05 
from Logic High Level is 

Output Rise Time 

(10-90%) 













11,1 
| h=OmAé, CL = 15 pF 5 


io 


Output Fall Time 
(90-10%) 


Common Mode 
Transient Immunity at 
Logic High Output Level 












Vom = 50 V (peak) 
ll =12 mA, Ta = 25°C 









Common Mode 
Transient Immunity at 
Logic Low Output Level 


Vom = 50 V (peak) 
= 3 mA, Ta = 25°C 











Conditions 


eee ae 
eC ean ee ea Measured from input terminals to output terminals 
| Min. External Tracking Path (Creepage) | L(102) | =7 | mm | Measured from input terminals to output terminals 
Ci aria Snes [98 | mn Through insulation distance conductor to conductor 


NOTES: 
1. <1 ws pulse width, 300 pps. 
2. Derate linearly above 70°C free air temperature at a rate of 1.6 mW/°C. Proper application of the derating factors will prevent IC 
junction temperatures from exceeding 125°C for ambient temperatures up to 85°C. 

. Derate linearly above 70°C free air temperature at a rate of 3.8 mW/°C. 

. Derate linearly above 70°C free air temperature at a rate of 4.6 mW/°C. 

. Duration of output short circuit time shall not exceed 10 ms. 

. The device is considered a two terminal device, pins 1, 2, 3, and 4 are connected together and pins 5, 6, 7, and 8 are connected 
together. 


7. The tpLy propagation delay is measured from the 10 mA level on the leading edge of the input pulse to the 1.3 V level on the 
leading edge of the output pulse. 
8. The tpx. propagation delay is measured from the 10 mA level on the trailing edge of the input pulse to the 1.3 V level on the 
trailing edge of the output pulse. 
9. The rise time, t,, is measured from the 10% to the 90% level on the rising edge of the output logic pulse. 
10. The fall time, ts, is measured from the 90% to the 10% level on the falling edge of the output logic pulse. 
11. Common mode transient immunity in the logic high level is the maximum (negative) dVcy/dt on the trailing edge of the common 
mode pulse, Voy, which can be sustained with the output voltage in the logic high state (i.e., Vo = 2 V). 
12. Common mode transient immunity in the logic low level is the maximum (positive) dVg,y4/dt on the leading edge of the common 
mode pulse, Voy, which can be sustained with the output voltage in the logic low state (i.e., Vo = 0.8 V). 
13. Use of a0.1 uF bypass capacitor connected between pins 5 and 8 is recommended. 
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Applications — 


Data transfer between equipment which employs current 
loop circuits can be accomplished via one of three con- 


figurations: simplex, half duplex or full duplex com-_ 


munication. With these configurations, point-to-point and 
multidrop arrangements. are possible. The appropriate 
configuration to use depends upon data rate, number of 
stations, number and length of lines, direction of data flow, 
protocol, current source location and ae compliance 
value, etc. 


SIMPLEX 

The simplex configuration, whether point to point or multi- 
drop, gives unidirectional data flow from transmitter to 
receiver(s). This is the simplest configuration for use in 
long line length (two wire), for high data rate, and low cur- 


rent source compliance level applications. Block diagrams 


of simplex point-to-point and multidrop arrangements are 
given in Figures 16a and 16b respectively for the HCPL- 
4200 receiver optocoupler. 

For the highest data rate performance in a current loop, 
the configuration of a non-isolated active transmitter (con- 
taining current source) transmitting data to a remote 
isolated receiver(s) should be used. When the current 


NON-ISOLATED 
STATION 


DATA 





source is located at the transmitter end, the loop is 
charged approximately to Vu (2.5 V). Alternatively, when 
the current source is located at the receiver end, the loop 
is charged to the full compliance voltage level. The lower 
the charged voltage level the faster the data rate will be. In 
the configurations of Figures 16a and 16b, data rate is 
independent of the current source voltage compliance 
level. An adequate compliance level of current source 
must be available for voltage drops across station(s) during 
the MARK state in multidrop applications or for long line 
length. The maximum compliance level is determined by 
the transmitter breakdown characteristic. 


A recommended non-isolated active transmitter circuit 
which can be used with the HCPL-4200 in point-to-point 
or in multidrop 20 mA current loop applications is given in 
Figure 18. The current source is controlled via a standard 
TTL 7407 buffer to provide high output impedance of cur- 
rent source in both the ON and OFF states. This 
non-isolated active transmitter provides a nominal 20 mA 
loop current for the listed values of Nec, R2 and R@ in 
pgs: 17. | 


ISOLATED 
__ STATION _ 


DATA 
(a) POINT-TO-POINT 
DATA DATA 
ISOLATED P— — TT — 7 Tm — "7 ™ “soLaTeD 
STATION j 
| RCVR | | | | | RCVR [Sv ATION 
: HCPL-4200 | ! | HCPL-4200 | | 
| | 
on oan _J L_ —I 
‘NON-ISOLATED | . 

STATION bet pet 
r-o- +4 ISOLATED 
20mA_ | __ STATION _ 
| CY) 

RCVR 
DATA XMTR C / C 2 <p, — CS DATA 
) ne HCPL-4200 
Gs ee ee et J ae ae eae eae | 
ISOLATED T— ™~ rr 7 ISOLATED 
STATION | Brier | | aa. | STATION 
HCPL-4200 | | HCPL-4200 | 
| [ | 
Le Pee | Lee sae 
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(b) MULTIDROP 


Figure 16. Simplex Current Loop System Configurations for (a) Point-to-Point, (b) Multidrop 
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TRUTH TABLE 
(POSITIVE LOGIC) 


H oe 
t | OmAl L 


Vec = 5 V de - 27 Vde 


Figure 17. Recommended Non-lsolated Active Transmitter with 
Current Loop 


Length of current loop (one direction) versus minimum 
required DC supply voltage, Vcc, of the circuit in Figure 17 
is graphically illustrated in Figure 18. Multidrop config- 
urations will require larger Voc than Figure 18 predicts in 
order to account for additional station terminal voltage 
drops. 


Typical data rate performance versus distance is illustrated 
in Figure 19 for the combination of a non-isolated active 
transmitter and HCPL-4200 optically coupled current loop 
receiver shown in Figure 17. Curves are shown for 10% 
and 25% distortion data rate. 10% (25%) distortion data 
rate is defined as that rate at which 10% (25%) distortion 
occurs to output bit interval with respect to input bit 
interval. An input Non-Return-to-Zero (NRZ) test waveform 
of 16 bits (0000001011111101) was used for data rate dis- 
tortion measurements. Data rate is independent of current 
source supply voltage, Vcc. 


The cable used contained five pairs of unshielded, twisted, 
22 AWG wire (Dearborn #862205). Loop current is 20 mA 
nominal. Input and output logic supply voltages are 5 V 
dc. 


FULL DUPLEX 


The full duplex point-to-point communication of Figure 20 
uses a four wire system to provide simultaneous, bi- 
directional data communication between local and remote 





Voc = 0.00212 ~ (L)+4.25V 


Reasce = 0.05296 22/m 

ILoop = 20 mA 

VmarK = 2.75 Vde (HCPL-4200) ~~ 
Vsat = 1.5 Vde (CURRENT SOURCE) 











Vec — VOLTS 











10 100 1000 10000 


L = LOOP LENGTH (ONE DIRECTION) — METRES 


Figure 18. Minimum Required Supply Voltage, Vcc, vs. 
Loop Length for Current Loop Circuit of Figure 18 









HCPL-4200 


HCPL-4200 Isolated Receiver for Simplex Point-to-Point 20 mA 


equipment. The basic application uses two simplex point- 
to-point loops which have two separate, active, non- 
isolated units at one common end of the loops. The other 
end of each loop is isolated. 


As Figure 20 illustrates, the combination of Hewilett- 
Packard current loop optocouplers, HCPL-4100 
transmitter and HCPL-4200 receiver, can be used at the 
isolated end of current loops. Cross talk and common 
mode coupling are greatly reduced when optical isolation 
is implemented at the same end of both loops, as shown. 
The full duplex data rate is limited by the non-isolated 
active receiver current loop. Comments mentioned under 
simplex configuration apply to the full duplex case. Con- 
sult the HCPL-4100 transmitter optocoupler data sheet for 
specified device performance. 


HALF DUPLEX 

The half duplex configuration, whether point-to-point or 
multidrop, gives non-simultaneous bidirectional data flow 
from transmitters to receivers shown in Figures 21a and 
21b. This configuration allows the use of two wires to 
Carry data back and forth between local and remote units. 
However, protocol must be used to determine which spe- 
cific transmitter can operate at any given time. Maximum 
data rate for a half duplex system is limited by the loop 
current charging time. These considerations were ex- 
plained in the Simplex configuration section. 
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Figure 19. Typical Data Rate vs. Distance 


6-189 


” 
oe 
vy 
=H 
a. 
= 
8 
.& 
oO 





NON-ISOLATED | Pay 


ISOLATED STATION. 
if “T 








- XMTR- 
HCPL-4100 





ey eee Pee Dae 


Figure 20. Full Duplex Point-to-Point Current Loop 
System Configuration 


Figures 21a and 21b illustrate half duplex application for 
the combination of HCPL-4100/-4200 optocouplers. The 
unique and complementary designs of the HCPL-4100 
transmitter and HCPL-4200 receiver optocouplers provide 
many designed-in benefits. For example, total optical iso- 


NON-ISOLATED 
STATION 








DATA 


lation at one end of the current loop is easily accom- 
plished, which results in substantial. removal of common 
mode influences, elimination of ground potential differen- 
ces and reduction of power supply requirements. With this 
combination of HCPL-4100/-4200 optocouplers, specific 
current loop noise immunity is provided, i.e., minimum 
SPACE state current: noise aunty is 1 mA, MARK state 
noise immunity is 8 MA. 


Voltage compliance of the current source must be of an 
adequate level for operating all units in the loop while not 
exceeding 27 V dc, the maximum breakdown voltage for 
the HCPL-4100. Note that the HCPL-4100 transmitter will 
allow loop current to conduct when input Vcc power is 
off. Consult the HCPL-4100 transmitter optocoupler data 
sheet for specified device performance. 


For more information about the HCPL-4100/-4200 opto- 
couplers, consult Application Note wave: 
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Figure 21. Half Duplex Current Loop System Configurations for (a) Point-to-Point, (b) Multidrop 
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Optocoupler Option 
for 5000 Vac/1 Minute 


Requirement 


Technical Data 


Features 

e Special Construction and 
Testing 

¢ UL Recognition for 5000 
Vac/1 Minute Requirement 
(File No. E55361) 


Description 

Option 020 consists of special 
construction on a wide range of 
Hewlett-Packard plastic opto- 


Vac/1 Minute dielectric with- 
stand voltage rating provided 
by Option 020 offers excellent 
high voltage input to output 
protection. Some applicable UL 
documents are listed below. 


CAD packaro 


OPTION 020 


DEVICE MARKING 


HPXXXX TYPE NUMBER 


OPTION CODE 





PIN DATE UL RECOGNITION 


ONE CODE 


UL Spec 
Number Specification Title 


couplers. After assembly, each 


unit is subjected to an equiva- 
lent electrical performance test 
to ensure its capability to with- 
stand 5000 Vac input to output 
for one minute. This test is 
recognized by Underwriters 
Laboratory as proof that these 
components may be used in 
many high voltage applications. 


Applications 

Dielectric withstand voltage 
ratings are required by Under- 
writers Laboratory when 
components are used in certain 
types of electronic equipment. 
The voltage rating depends on 
the type of electronic equipment 
and the specific application 
within the equipment. The 5000 





Standard for Optical Isolators Applications 
Appliance and Business Equipment 
High Voltage Industrial Control Equipment 
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Information Processing and Business Equipment 





Industrial Control Equipment 
Medical and Dental Equipment 


Industrial Control Equipment for Use in 
Hazardous Locations 


Plug-in, Locking Type Photocontrols 


Intrinsically Safe Apparatus and Associated 
Apparatus 


Standard for Energy Management Equipment 
Power Supplies 


Electrical and Electronic Measuring and 
Testing Equipment 
Television and Video Products 
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Specifications 


All specifications for opto- 
couplers remain unchanged 


when this option is ordered. 


Ordering Information 
To obtain this high voltage cap- 
ability on plastic optocouplers 
order the standard part number 
and Option 020. 


Examples: 


6N135 HCPL-2601 
Option 020 Option 020 
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This option is currently 
available on the following 
plastic optocouplers. . 


6N135/6 
6N137 
6N138/9 | 
HCPL-2601/11 
HCPL-4562 
HCPL-4502/3 


Contact your local HP Sales 
Representative concerning 
availability of this option for 
optocouplers not listed. 


HEWLETT 


Uz 





PACKARD 
Surface Mount Options for 
Optocouplers 
Technical Data 
Option 100/300 


Features 
e Surface Mountable 
— Leads Trimmed for a 
Butt Joint Connection 
(Option 100) 
~ Leads Formed to a Gull 
Wing Profile (Option 300) 
¢ Compatible with Vapor 
Phase Reflow and Wave 
Soldering Process 
e Meets All Electrical 
Specifications of 
Corresponding Standard 
Part Numbers 
¢ Available for All 
Optocouplers in Plastic 
Packages 


Option 100 Drawing 


TYPE NUMBER 





‘+ OPTION 
0-1 CODE CODE aa 
UL UL 
Pin Le ) RECOGNITION RECOGNITION 
one [iJ LY DATE CODE DATE CODE 


Description 

Option 100 is an optocoupler in 
a standard sized dual-in-line 
package, with trimmed leads 
(butt joint). The distance from 
the printed circuit board (PCB), 
to the bottom of the optocoupler 
package, will be typically 0.035 
inches. The height of the 
optocoupler package is typically 
0.150 inches, leaving a distance 
of 0.185 inches from PCB to the 
top of the optocoupler package. 


Option 300 is an optocoupler in 
a standard dual-in-line package 
with gull wing leads. The lead 
profile is designed to be 


compatible with standard 
surface mount processes. These 
optocouplers, particularly the 
duals, allow efficient utilization 
of valuable board space. 


Applications 

Both options enable electronic 
component assemblers to 
include Hewlett-Packard 
optocouplers on a PCB that 
utilizes surface mount assembly 
processes. These options do not 
require through holes" ina 
PCB. This reduces board costs, 
while potentially increasing 
assembly rates and increasing 
component density per board. 
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Option 300 Drawing 





TYPE NUMBER 


OPTION 9.40 (.370) 12° 


.635 (.025) 
TYPICAL 






1.19 (.047) MAX 0.381 (.015) 
0.635 (.025) 
4 1.78 (.070) MAX 
4.95 (0.195) 
MAX. 4 
cag | | { 4.70 1 185) 
MAX 
0.10 (0.004) 0.64 (0.025) rues 
MAX. MIN. 2.80 (. ot 0) 
eee - a 


: 
FI 


DIMENSIONS IN MILLIMETRES (INCHES) 
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Specifications 

All electrical specifications for 
optocouplers remain unchanged 
when this option is ordered. In 
addition, the device will 
withstand typical vapor phase 
reflow soldering conditions of 
215°C for 30 seconds, and wave 
solder immersion for 5 seconds 
at 260°C. 


Ordering Information 
Both options are available for 
all optocouplers in plastic pack- 
ages. To obtain these options, 
order the standard part number 
and Option 100 or 300. 


Examples: 
6N136 HCPL-2200 
Option 100 Option 300 
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200-Volt/160-Ohm, 1 Form A 
Small-Signal Solid State Relay 


Technical Data 


Features 

¢ Compact Solid-State Bi- 
Directional Signal Switch 

¢ Normally-Off Single-Pole 
Relay Function (1 Form A) 

e Very High Output Off- 
Impedance: 10,000 
Gigaohms Typical at 25°C 

¢ Very Low Output Offset 
Voltage: < 0.5 uV 

¢ 200-Volt Output Withstand 
Voltage 

¢ High-Transient Immunity: 
> 2000 V/s 

¢ Monolithic High-Voltage IC 

e Operating Range: -—40°C to 
+85C 

¢ Very Low Input Current 
(1 mA); CMOS 
Compatibility 

e High-Speed Switching: 50 
us Typical 

¢ 160-Ohm Maximum On- 
Resistance at 25°C 

e Surface Mount Option 

¢ 8-kV ESD Immunity: MIL- 
STD-883 Method 3015 

¢ Input-to-Output Insulation 
Voltage: 2500 Vac, 1 Minute 

¢ UL Certification Pending 


Applications 

¢ Relay Scanners & Analog | 
Input Modules of Data 
Acquisition Systems 

e Analog Input Modules of 

- Programmable Logic 
Controllers 


¢ Relay Multiplexers of 
High-Performance 
Voltmeters 


e Telecommunication Test 
Instruments 


¢ Functional Tester of Board 
Test Equipment 

e Analog Signal Multiplexer 

¢ Flying Capacitor 
Multiplexer 

¢ Reed Relay Replacement 


Outline Drawing 
9.40 (.370) 
9:90 (a0 
8) 5. 


HP RXXXX 
YYWww 
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CD packaro 


HSSR-8200 


Description 


- The HSSR-8200 consists of a 


high-voltage integrated circuit 
optically coupled with a light — 
emitting diode. This device is a 
solid-state replacement for 
single-pole, normally-open 
electromechanical relays used 
for general purpose py ene of 
analog signals. : | 


The light-emitting diode Ye 
controls the ON/OFF function of 
the solid-state relay. The 
detector contains high voltage 
MOS transistors and a high 
speed photosensitive drive 
circuit. This relay has superior 
OFF impedance, very low 
output offset voltage and input 
drive current. 
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0.18 (.007) 





4.70 (.185) MAX. 


0.51 (.020) MIN. 


37(.2 2.92 (.115) MIN. 
7.87 (.310) 
0.65 (.025) MAX. 


DIMENSIONS IN MILLIMETRES | 
AND (INCHES) 


The electrical and switching Schematic 
characteristics of the HSSR- aS 
8200 are specified from —40°C to 
+85°C. The low I, allows 
compatibility with TTL, LSTTL, 
and CMOS logic resulting in low 
power consumption compared to 
other solid state and mechanical 
relays. 





EQUIVALENT 
RELAY 
DIAGRAM 





= 
Input Current (ON) Throw 






Absolute Maximum Ratings 


Storage Temperature ...........csccsesesssssssssevsssrsseeeee DOG to 125°C 
Operating Temperature .............cccccccccceccssssssssssscssccecees —40°C to +85°C 
Lead Solder Temperature ................0000 215°C for 30 s; Reflow Solder 
= 260°C for 5 s; Wave Solder 

Average Input Current ~ I), .......cssssssssscessssnsssensesescseessssesenanes .10 mA 
Repetitive Peak Input Current — I, ............... 20 mA; 50% Duty Cycle 
Transient Peak Input Current — I, ........c.cccseeeeeeeeeees A ceeectis 100 mA; 
, (< 1 us pulse width; 1 kHz Pulse Repetition Rate) 
Reverse Input Vou ape ciciicca dscataecsactieseviaeuiincece outeanvienitnsosrsevaosseeaes 5V 
Average Output Current — Ip 0... ececsssssscssesceesescressseessesseens 40 mA!) 
Input-Output Insulation Voltage ............ceccescesseeeeesseeeees 2500 VAC#! 
Output Power Dissipation ............ccccccccsscssesseescceeseeees ene ...820 mWe! 
Outputs olta pei Vj cde suencssecisetetcnicteiitaspecvatanuncceanes —200 V to 200 V 

Vec (+5 V) . 
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HSSR-8200 


i 
‘ R1-REQUIRED CURRENT-LIMITING RESISTOR 
FOR lFion) = TMA 
R2—PULL-UP RESISTOR FOR Vriorr) < 800 mV; 
5 IF (Voc - Vou) < 800 mv , OMIT R2 


It R3, C— OPTIONAL PEAKING CIRCUIT 
est et J FOR le(px) = 5 mA, ton < 200 us 


Figure 1. Recommended Input Circuit 
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Electrical Specifications 


40°C < T, < +85°C, 1mA<I,,... <5 mA, 0V<V 


< 0.8 V, and all Typicals at T, = 25°C unless 


| Units | Test Conditions | Fig. | Notes 


. % F(OFF) 
otherwise specified. 


os 





1 


Output On-Current Niven AO mA |V,<8V, 
Rating T, < 40°C 
Output Off-Resistance Rom 10,000 | | GQ | V, = 200 V 


Output Off-Leakage ee 0.02 4.0 nA | V,=200V 
Current 
| 


_ 
7 


Output Om 4.5 
Off-Capacitance 
—0.2 I,=0A;I,=1mA 
Viovosy | Note Note | pV 7, 
3 3 I,=0A;I,=5mA] 1 


’ Output Offset 


Voltage 
Input Reverse Vv, 5 45 
Breakdown Voltage 

Input Diode dV,/dT —1.75 
Temperature Coefficient 

Input Forward Vy 1.0 1.2 1.85 V I,=5 mA 
Voltage | 





7) 
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bad 
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Input Capacitance Cin wie 
RH = 45%, 
_ 2500 t= 1 min; 
T, = 25°C 






Input-Output 
Insulation 









Input-Output 
Capacitance 






LS. 
6 





Vo = 500 VDC; 
Input-Output 7 t= 1 min; 
Resistance RH = 45% 


iN 
on 
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Switching Specifications 
40°C < T, < +85°C, 1 mA <I,,.,, 
otherwise specified. 


Symbol 


Turn On Time 


<5 mA, 0V< Viorr < 0.8 V, and all Typicals at T, = 25°C unless 


FFF) = 


Test Conditions 


200 I.=5mA 
Ls 
1 I,=1mA 




















Turn Off Time 


na 

o| 2 

o 

on) 
co 
Or 
i) 







Output Transient 
Rejection 
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Input-Output 
Transient 
Rejection 
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lojon) — OUTPUT CURRENT — mA 
Rion) — OUTPUT RESISTANCE — OHMS 














Vo on) — OUTPUT VOLTAGE — V leon — INPUT CURRENT — mA 


Figure 2. Typical On State I-V Characteristics. | | Figure 3. Typical Output Resistance vs. Input Current. 
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NORMALIZED OUTPUT RESISTANCE 
Rion) — OUTPUT RESISTANCE — OHMS 
lo orr) — OUTPUT LEAKAGE CURRENT — A 





~—12 
0 -40-30-20-10 0 10 20 30 40 50 60 70 80 90 
Ta, — TEMPERATURE — °C Ta — TEMPERATURE — °C 


Figure 4. Typical Output Resistance vs. Temperature. Figure 5. Typical Output Leakage vs. Temperature. 
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Figure 6. Typical Output Capacitance vs. Output Figure 7. Output Offset Voltage Distribution. 
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Figure 8. Typical Input Forward Current vs. Forward 


Voltage. 
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Figure 9. Switching Test Circuit for t,., t 


2 


= 
2. 
3 
o 
(>) 


a4 












PULSE GENERATOR 
Zo = 502 


ty =t, =5ns FeO S Soa 








Re = 5KQ2 

Vo 
MONITOR 
C, = 25pF 


Ip 
MONITOR 


(Cy INCLUDES PROBE AND 


R (MONITOR) ' FIXTURE CAPACITANCE) 
200 Ohms 


OFF 


6-199 

















“ Ta =25°C 
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Figure 10. Typical t,,, and t,,,, vs. Input Current. Figure 11. t,,, and t,,,, vs. Output Voltage. 
HSSR-8200 
game ea raat aie 1 
57.8 i 
INPUT OPEN : 
NORMALIZED TO ton AT 25°C aad 
le(on = 5 MA LED | I M 
FION) | 1000 pF 
R.=5 KO 49.5 { Me | 
Vo orr) = 50 V | ae | VPEAK = 
Ks) 41.2 ; 
E 
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‘= 0 
| 33.0 , a 
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9 16.5 
8.25 } 
-40 -20 0 20 40 60 80 100 
T, — TEMPERATURE — °C Cu INCLUDES PROBE AND FIXTURE CAPACITANCE. 
Figure 12. Normalized t,,, and t,,,, vs. Temperature. Figure 13. Output Transient Rejection Test Circuit. 
Vec = 5V 
HSSR-8200 RL = 1K) VeEAK 
50V 
= 25 pF 
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PROBE PLUS moiore) MIN. Vo(orr)=4V 
FIXTURE ‘ 
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Figure 14. Input-Output Transient Rejection. 
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i Vn INPUT 
SIGNALS 









HSSR-8200 A | HSSR -8200 


SIGNAL 
BUS 








l Vs 
| 


Is < Is, max Vs = Va,MAx - IsRg Vn, MAX 


EITHER-POLARITY INPUTS: 
Ds — DUAL-POLARITY BREAKDOWN DEVICE, Vs < 0.5 Vo (ore) 


SINGLE-POLARITY INPUTS: 
Ds — UNI-POLAR BREAKDOWN DEVICE, Vs < Vo (OFF) 


Figure 15. Over-Voltage Protection in Multiplexer Applications. 
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Figure 16. Differential Output Connections to Minimize Offset Voltage Effects. 
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Figure 17. Voltage Offset Test Setup. 


Notes: 

1. Derate linearly above 40°C at a rate of 0.3 mA/°C. 

2. Derate linearly above 60°C at a rate of 5 mW/°C. : , 

3. Vovog) is a function of I,,.,), and is defined between pins 8 and 5 with pin 5 as reference. V,,,,, must be measured in a stable 
ambient. See Figure 7 for variation of V,.o,, around the typical value. 

4. Device considered a two terminal device: pins 1 and 4 shorted together, and pins 5 and 8 shorted together. 

5. For higher withstand voltage rating and regulatory certification, please contact your HP Field Sales Engineer. 

6. Rory, is defined as V,, 


(OFF) ore/lxorry 
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Hermetic Optocouplers 


_ Choose from Hewlett-Packard's 
broad line of high performance 
hermetic optocouplers to meet — 
your military, aerospace, and | 
high reliability applications. 

_ There are three ceramic 
package styles to choose from: 8 
and 16 pin dual in-line 
packages, and a 20 terminal 
leadless chip carrier (LCC) 
package. Available in each 

_ package style are four basic 
families of optocouplers: high 


gain, high speed transistor, high — 


speed logic gate, and several 
application specific devices. 
Most 8 pin units allow a choice 
of either single or dual channels. 
Three functional device types _ 
are offered in dual channel 
configuration in the 16 pin 
package. Also in the 16 pin 
package are two functional types 
in four channel configuration. 
The LCC catalog products are 
all two channel optocouplers. 


HP's hermetic optocouplers are 
classified by the Department of 
Defense as hybrid microcircuits | 
and are manufactured and 
tested on a MIL-STD-1772 
certified and qualified line. Our 
facilities and assembly 
processes meet MIL-H-38534 
class B, and we have listing on 
QML-38534. 


All product families are 
represented by standard 
(commercial grade) units and 
by high reliability tested units. 
The hi-rel parts are tested to 


_MIL-STD-883 class B. Most hi- 


rel tested parts are also offered 
with recognized DESC part 
numbers either from DESC 
Drawings, Standard Military 
Drawings (SMDs), or from — 
DESC's new, "One Part, One 
Part Numbering System”. All 
hi-rel parts are tested and 
guaranteed over the full 
military temperature range 
from —55°C to +125°C. 
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New this year is the expanded 
list and wide variety of 
optocouplers in three package 
styles. Our complete line of 
products offered in 20 terminal 
LCC were released in 1989. 
Released in 1990 are the 
transistor output devices and 
the expanded line of logic gate 
units in 8 pin DIP. And, to give 
you more opportunities to use 
recognized DESC parts, we now 
offer 13 devices under DESC 
drawings with more to come. 


requirements are in accordance _—'1M accordance with the 


Hermetic Optocoupler with Option 2 for all testing requirements of MIL-STD-883, 
Product Screening and programs (Methods 5008 and Methods 5004 and 5005, with a 
Quality Conformance 2017). Hewlett-Packard further Change to the internal visual 
Test Program (MIL- exercises a testing option as from Method 2010 to Method 
STD-883 Class B) allowed by MIL-STD-883, 2017. All devices marked /883B 
The following 100% Screening Method 5008, Par. 3.1a which and DESC Drawing parts have 
and Quality Conformance states that "hybrid and mullti- standardized test programs 
Inspection programs show in chip microcircuits, which are suitable for product used in 
detail the capabilities of our contained in packages having military, aerospace, and other 
hermetic optocouplers. MIL-H- an inner seal perimeter of less high reliability applications and 
38534 Quality assurance than 2.0 inches", may be tested are the preferred devices by 


systems contractors. 


100% Screening MIL-STD-883, Method 5004 (Class B Devices) 


Test | Method | Conditions, 


7. Burn-In Condition B, Time = 160 hours, min. T, = 125°C 
8. Final Electrical Test aa Group A Subgroup 1, 5% PDA | 
Electrical Test Group A, Subgroups 2, 3, 9 
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Quality Conformance 
Inspection | re 
Group A electrical tests are 
product dependent and are 
given in the individual device 
data sheets. Group A and B 
testing is performed on each 
inspection lot. 


Group A Testing, MIL-STD-883, Method 5005 (Class B Devices) 
Quantity/Accept Number = 116/0 — 


Subgroup 1 | 
Static tests at T, = 25°C 
Subgroup 2 
Static tests at T, = ‘ 125°C 
Subgroup3S _ - 
Static tests at T = 55°C 


Subgroup 

Dynamic test at T, = 25°C (where applicable) 
Subgroups 5, 6, 7, and 8a & 8b | 

These subgroups are non-applicable to this device type 





Subgroup 9. 
Switching tests at T, = 25°C 

Subgroup 10 ee 
Switching tests at T, = +125°C © 

Subgroup 11 


Switching Tests at T, = —55°C 
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Group B Testing, MIL-STD-883, Method 5005 (Class B Devices) 


Quantity/ 
Test Method Conditions Accept No. 
Subgroup 2 2015 4 Devices 
Resistance to Solvents (no failures) 
Subgroup 3 2003 Soldering temperature of 245+5°C | 22/0 leads 
Solderability for 10 seconds 3 devices minimum 


Subgroup 5 2011 Test Condition D 15/0 wires 

Bond Strength 

Thermocompression 
(performed prior to seal) 

Group C testing is performed on 

a periodic basis from current 

manufacturing every three 

months. 


























Group C Testing, MIL-STD-883, Method 5005 (Class B Devices) 


Quantity/ 
Test Method Conditions Accept No. 
Subgroup 1 1005 | Cond. B, time = 1000 hours total 45/0 
Steady State Life Test T, = +125°C | 
| Endpoint Electricals 
at 1000 hours Group A, Subgroup 1,2,3 
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Group D testing is performed on > 
a periodic basis from current 
manufacturing every six 

months. 


Group D Testing, MIL-STD-883, Method 5005 (Class B Devices) 


Subgroup 1 | 2016 
Physical Dimensions | | 
Subgroup 2 2004 | Test Cond. B2 15/0 
| | (Test Cond. D for LCCs) : 














Quantity/ 
Accept No. 













Lead Integrity 


Subgroup 3 
Thermal Shock 1011 | Cond. B, —55°C to +125°C 15/0 
15 cycles min. 
Temperature Cycling 1010 | Cond. C, -65°C to +150°C 
100 cycles min. 


Visual Examination Per visual criteria of methods 
1004, 1010 7 


Endpoint Electricals Group A, Subgroup 1,2,3 
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Group D Testing, MIL-STD-883, Method 5005 (Class B Devices), Continued 


Quantity/ 
Test Conditions Accept No. 


Subgroup 4 15/0 
Mechanical Shock Cond. B, 1500G, t = 0.5 ms, 
5 blows in each orientation 


Vibration Variable 
Frequency 

Constant Acceleration 2001 
Gross Leak 1014 
Visual Examination 1010 
Endpoint Electricals 


| 15/0 
1009 Cond. A min. 


1009 Per visual criteria of Method 1009 


3/0 or 5/1 
1018 5,000 ppm maximum water 
content at 100°C 
15/0 leads 
3 devices minimum 























Subgroup 5 
Salt Atmosphere 


Fine Leak 
Gross Leak 


Visual Examination 





Subgroup 6 
Internal Water Vapor 
Content 









= 
Gi 
= 
ea 
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Subgroup 7 
Adhesion of Lead Finish 
(not required for LCCs) 
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Controlling 
Government 
Specifications and 
Standards 
MIL-H-38534 General 
Specification for Hybrid 
Microcircuits 

All Hewlett-Packard /883B, 
DESC Drawing and SMD 
products are in full compliance 
with the applicable parts of 
MIL-H-38534. 


MIL-STD-883 Test Methods : 
and Procedures for 
Microelectronics 


Hewlett-Packard's testing of all. — 


hermetic hybrid products is in 
compliance with current 


revisions, requirements. and test 


methods of MIL-STD- 883 
class B. 


ELECTROMICS SUPPLY. pein _< 


MIL-STD-1772 


_ MIL-STD-1772 Certification 


Requirements for Hybrid 


Microcircuit Facilities and 
Lines 
- Our hermetic speesaiielee line is 


certified and parts are qualified . 
to MIL-STD-1772. Certification 
to MIL-STD-1772 must exist 
before a part can be marked 
with 883B or with a i SMD 
number. 


Hybrid Microcircuit Certification 


OPTICAL 


for 
CLASS B 


ar agrees 


HEWLETT - PACKARD 


COMMUNICATION DIVISION - 


In accordance with MIL-M-38510 and Appendix G, all assembly operations shall be performed at the 
Optical Communication Division in San Jose, and. MIL-STD-883, Test Methods 5004 and 5005 testing shall 
be performed at Hewkett-Packard's facilities as outlined in DESC Letter EQM~87-563, dated 3 Apn 87. This 
certification is Limited to those PROCLASCA and materials reviewed by the qualifying activity. This 
certification is being issued in confunction with DESC Cctter EQ (EOM-87-562), dated 3 Apr 87. 


normal period for this certification & one year from 3 Apr 8&7. 


a 


COMMANDER, ~ 


DEFENSE ELECTRONICS SUPPLY CENTER 
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DESC Part Number Systems"! 


DESC Drawings"! 
83 024 01 E 
Lead Finish 
A = Solder dipped 
C = Gold plated 


X = Either of above 
Case Outline, E = 16-pin DIP 
Device Type 
Drawing Number in that year 
Year Drawing Number was assigned 


Standard Military Drawings (SMD) 
5962- 89 785 02 2 A 


| Lead Finish as above except A only for LCC 
Case Outline, 





E = 16-pin DIP 

P = 8-pin DIP 

2 = 20-terminal square LCC 
Device Type 


Drawing Number in that year 
Year Drawing Number was assigned 
Federal stock class Designator (microcircuits) 


One Part - One Part Number System!®! 
5962 - 90 854 01 H P C 


2 
Gh 
= 
oc 
rr 
x 


OPTOCOUPLERS 





Lead Finish as above 
Case Outline as above 
Class Designator — Quality Level 
MIL-H-385364..... H or K 
Device Type 
Drawing Number in that year 
Year Drawing Number was assigned 
Rad Hard Identifier 
M, D, R, H For Device Class B, S, H or K 
Federal stock class Designator 


Notes: 

1. The numbering system used was current when any particular part was numbered. 

2. DESC Drawings do not contain the prefix 5962. 

3. Class Designators H, and K of MIL-H-38534 are equivalent to class levels B and S of MIL-M-38510 respectively. 
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Hermetic Optocoupler 
Selection Flowchart 


Analog 
Applications 


Bandwidth 
2 MHz 





Mi-Std 
883 B 





“5501 5531 


Unit 883 .B 
Single Dual 
Chan. Chan. 


-5600 5630 


Single 
Chan. 


5601 5631 


8 Pin DIP 


Dighal 


Applications 


< 10 
MBd 


Unit 8838 Part 
| Single | | Dual 
Chan. — Chan. 


-§200 5230 
5700 5730 
| Single 
Chan. 
-§201 
-5701 . 


Hermetic Package 
Optocouplers 


Application 
AC/DC to 
Logic 
MBd 
ane | 
Unit Part oF 


Single 
Chan. 
Single Dual 
Chan. Chan. 


5760 5962- 
9947701 
5962- -5962- 
@876801PC 9876901PC 
@9B1001PC 8978501PC MEStd 
$838 


= Ed 


5731 | 5761 


Unit |__8838 Part 


> che Single” Single Dual 
7 Chan. Chan. Chan. 
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5400. 540 5401 5431 


5962- 5962- 
8957001PC 8957101PC 


16 Pin 
DP 







Digtal 

aloc Application 

Applications Applications 
Bandwiith Fes ima | Line 
2MHz Receiver 

ea a 


Chan. 
(baer ee | 
Part 


ANS5 5962- 
Part Unit Part Unit Part 
Mi-Std 
683 B 
6N134 8102801EC 6N140A 8302401EC -1930 5962- 
$957201EC 
4N55/883B 
MI-Std Mi-Std Mi-Std 
883 B 883 B $83 B 
6N134/883B 6N140A/ -1931 
8838 7) 
cc 
oY 
a 
ui 
WS 
Leadiess Chip x = 
Carrier ro) 
(20 Terminal) 





IF<8mA 





6430 6431 5962- 
89571022A 
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Typical Specified | Withstand 
Data Rate} Common | Input 
Application [NRZ] Current 


High Speed Logic | 5 Mbit/s | 1000 Vius 1500 Vde | 6-222 
Hermetically Sealed | Ground Isolation, . 

Wide Supply LSTTL, TTL, CMOS 

Voltage Logic Interface 

Optocoupler 


HCPL-5201 MIL-STD-883 Military/High 
Class B Reliability 
5962-8876801PC | DESC Approved 
_ | HOPL-5201 


HCPL-5230 | Dual Channel, High Speed Logic 
oo Hermetically Sealed | Ground Isolation, 
Wide Supply LSTTL, TTL, CMOS 
Voltage Logic Interface 
Optocoupler 


HCPL-5231 | MIL-STD-883 | Military/High 
} Class B Part Reliability 
5962-8876901PC | DESC Approved 
| HCPL-5231 


| HCPL-6230 Dual Channel, High Speed Logic 
Hermetically Sealed | Ground Isolation, 
Wide Supply LSTTL, TTL, CMOS 
Voltage | Logic Interface 
Optocoupler 


HCPL-6231 MIL-STD-883 | Millitary/High 
ClassBPart —_—_| Reliability 


TBD DESC Approved - 
HCPL-6231 : 


Single Channel, High Speed Logic | 40 Mbit/s} 500 V/s | 6-10mA | 1500 Vde |6-236 
Hermetically Sealed | Isolation, A/D and -i 

High Speed Parallel/Serial 

Optocoupler Conversion 


L-5401 MIL-STD-883 Military/High 

oe a .| Class B Part Reliability 
, 5962-8957001PC | DESC Approved 

~ 8pin DIP | HCPL-5401 | 


Bold Type — New Product . 
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High-Speed Logic Gate Optocouplers (Continued) 
















Typical Specified | Withstand 
Data Rate| Common | input Page 
Device — Description Application Current No. 












nications, Networks, 
Computers 


High Speed 
Optocoupler 


MIL-STD-883 

Class B Part 

5962-8957101PC |DESC Approved 
HCPL-5431 


HCPL-6430 Dual Channel, High Speed Logic 
Hermetically Sealed| Isolation, Commu- 

High Speed nications, Networks, 
Optocoupler Computers 


MIL-STD-883 
Class B Part 


DESC Approved 
HCPL-6431 






HCPL-5431 










Military/High 
Reliability 
































HCPL-6431 Military/High 
Reliability 


5962-89571022A 


6-10 mA | 1500 Vdc |6-236 






















Dual Channel, Line Receiver, 10 M bit/s| 1000 Vis | 10mA | 1500 Vde | 6-251) 
Hermetically Sealed} Ground Isolation for | 
Optically Coupled | High Reliability 
Logic Gate Systems | 
6N134/8838 —[MIL-STD-883 Military/High of 
Class B Part Reliability 7 : 
8102801EC DESC Approved | =f 
6N134/883B = 
HCPL-5600 Single Channel, _{ Line Receiver, 6-257 
Hermetically Sealed | Ground Isolation for | 
Optically Coupled | High Reliability 
Logic Gate Systems 
HCPL-5601 MIL-STD-883 Military/High 
Class B Part Reliability 
TBD |DESC Approved 
8 pin DIP HCPL-5601 | 





~ Bold Type - New Product 


6-215 


16 pin DIP 


Bold Type - New Product 


HCPL-5631 MIL-STD-883 
_ 1Class B Part 
TBD DESC Approved 
HCPL-5631 


HCPL-6630 Dual Channel, 
|Hermetically Sealed | Ground Isolation for 


HCPL-6631 _ |MIL-STD-883 
~ 1Class B Part 


TBD DESC Approved 
| HCPL-6631 


HCPL-1931 MIL-STD-883 
Class B Part 

5962-8957201EC |DESC Approved 
HCPL-1931 


Input 
Current 


Military/High 
Reliability 


Military/High 
Reliability 


| Ground Isolation 


in High Ground 
or Induced Noise 
Environments 
Military/High 
Reliability 
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High Gain Optocouplers 


| 6N140A Hermetically Sealed} Line Receiver, Low 


Package Containing} Power Ground 

4 Low Input Current | Isolation for High 
6N140A/883B MIL-STD-883 

Class B Part 
8302401EC DESC Approved 

6N140A/883B 


Reliability Systems 
HCPL-5700 Single Channel, 
Hermetically Sealed 
High Gain 
3 Optocoupler 


HCPL-5701 MIL-STD-883 
Class B Part 


5962-8981001PC | DESC Approved 


HCPL-5701 
HCPL-5730 


HCPL-5731 


5962-8978501PC | DESC Approved — 
HCPL-5731 


Dual Channel, 
Hermetically Sealed 
High Gain 

| Optocoupler 


HCPL-6731 MIL-STD-883 
Class B Part 


5962-89785022A | DESC Approved 
HCPL-6731 






Current 
Data Rate! Transfer 
Ratio 


Specified | Withstand 
Input Test 
Current 

















100k bit/s | 300% Min. 
















Military/High 
Reliability 












Line Receiver, Low 
Current Ground 
Isolation. TTL/TTL, 
LSTTL/TTL, 
CMOS/TTL 


Military/High 
Reliability 




















8 pin DIP 



























Line Receiver, 
Polarity Sensing, 
Low Current Ground | 
Isolation 


Dual Channel, 
Hermetically 
Sealed, High Gain 
Optocoupler 











MIL-STD-883 
Class B Part 


Military/High 
Reliability 


HERMETIC 
OPTOCOUPLERS 



















Line Receiver, 
Polarity Sensing, 
_| Low Current 

Ground Isolation 


HCPL-6730 










Military/High 
Reliability 





20 Terminal LCC 


Bold Type - New Product 
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AC/DC to Logic Interface Optocoupler 


| Typical Page 
Description _ Application No. 


Single Channel Limit Switch 6-290] 
Hermetically Sealed | Sensing, Low 
| Threshold Sensing | Voltage Detector 
Optocoupler —_—_{ Relay Contact 
Monitor 


HCPL-5761 | MIL-STD-883 _—| Military/High 
Class B Part Reliability 
5962-8947701PC | DESC Approved 
HCPL-5761 


High Speed Transistor Optocouplers 







Typical | Current | Specified | Withstand 
Data Rate] Transfer Input Page 
No. 


Description Application | [NRZ] Ratio Current 





| Dual Channel Line Receiver, 9% Min. 1500 Vde |6-298 
| Hermetically Sealed | Analog Signal 
Analog Optical Ground Isolation, 
| Coupler Switching Power 
Supply Feedback 
Element — 


MIL-STD-883 Military/High 
| Class B Part Reliability 


5962-8767901EC | DESC Approved 
4N55/883B 


HCPL-5500 ingle Channel Line Receiver, 
Hermetically Sealed | Analog Signal 
Analog Optical - Ground Isolation, 
| Coupler Switching Power 
Supply Feedback 
Element 


HCPL-5501 MIL-STD-883 Military/High 
Class B Part Reliability 
TBD | DESC Approved | 
8 pin DIP HCPL-5501 


Bold Type - New Product 
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High Speed Transistor Optocouplers (Continued) 


HCPL-5530 Dual Channel, 
Hermetically Sealed | Analog Signal 
_ | Analog Optical 
Coupler 


HCPL-5531 MIL-STD-883 
Class B Part 


TBD DESC Approved 
HCPL-5531 


HCPL-6530 Dual Channel, 


Hermetically Sealed 
Analog Optical 
Coupler 


HCPL-6531 MIL-STD-883 
Class B Part 

TBD DESC Approved 
HCPL-6531 


20 Terminal LOC 


Bold Type - New Product 


Application 


Line Receiver, 


Ground Isolation, 
Switching Power 
Supply Feedback 
Element 


Military/High 
Reliability 


Line Receiver, 
Analog Signal 
Ground Isolation, 
Switching Power 
Supply Feedback 
Element 


Military/High 
Reliability 
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Current | Specified | Withstand 
Data Rate| Transfer Input 
Ratio Current 


700k bit/s |} 9% Min. 
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Hermetic Optocoupler Options 


| Option | Mo glee Description 


- Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option is available on standard product 
and /883B hi-rel product in 8 and 16 pin DIP (see conn below for details). Contact factory for the availability of this option on 
DESC part types. 


0.020 a | 


0.045 a 0.086 6: 020 MAX. | 


0.055 0.110 


Lead finish is solder dipped rather than gold plated. This option is available on standard product and /883B product in 8 and 16 
pin DIP. DESC Drawing part numbers contain provisions for lead finish. All leadless chip carrier devices are delivered with solder 
dipped terminals as a standard feature. | 


Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This option is available on standard 


product and /883B product in 8 and 16 pin DIP (see drawings below for details). Contact factory for the availability of this option 
on DESC part types. This option has solder dipped leads. 


ae 


TL moat) 0.055 


0.390 0.065 
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Hermetic High Performance Optocouplers 
Functionally Equivalent Part Types 


Closest 
Equivalent 
20 Terminal LCC Plastic 


Package Style 
# of Channels 


16 PIN DIP 8 PIN DIP 


Quad Dual Dual Single 
| (4) (2) (2) (1) 


6N140A HCPL-5730 HCPL-5700 HCPL-6730 6N138 
6N140A/883B HCPL-5731 HCPL-5701 HCPL-6731 6N139 
8302401EC §962-8978501PC | 5962-8981001PC | 5962-89785022A 


High Gain Output, 
Low Input Current 


Transistor Output 


High Speed Logic 
Output, 10 Mbaud 


High Speed Logic, 
Input Regulation 


Wide Vcc from 
4.5 to 20 Volts 


Very High Speed 
Logic, 20 Mbaud 


AC/DC Logic 
Interface 


Special P/N 


Standard type refers to standard parts 
Bold type refers to 883B parts 
Italic type refers to DESC Drawing parts 


3/90 
HIGHOCS 


4N55 HCPL-5530 
4N55/883B HCPL-5531 
5962-8767901EC 


6N134 HCPL-5630 
6N134/883B HCPL-5631 
8102801EC 


HCPL-1930 
HCPL-1931 
5962-8957201EC 


Special P/N 


HCPL-5230 
HCPL-5231 
5962-8876901PC 


HCPL-5430 


HCPL-5431 
5962-8957101PC 
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HCPL-5500 
HCPL-5501 


HCPL-5600 
HCPL-5601 


Special P/N 


HCPL-5200 
HCPL-5201 


5962-8876801PC 


HCPL-5400 
HCPL-5401 


HCPL-5760 
HCPL-5761 


5962-8947701PC 


HCPL-6530 
HCPL-6531 


HCPL-6630 
HCPL-6631 


Special P/N 


HCPL-6230 
HCPL-6231 


HCPL-6430 
HCPL-6431 


5962-8957001PC | 5962-89571022A 


Special P/N 
Single 


6N135 
6N136 


HCPL-2601 


6N137 


HCPL-2602 


HCPL-2200 


HCPL-2400 


HCPL-3700 
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OPTOCOUPLERS 





Wide Supply Voltage, High 
CMR, Hermetically Sealed 


Optocoupler 
Technical Data 


Features 


¢ DESC Standard Military 
Drawing 


¢ Manufactured and Tested 


on a MIL-STD-1772 
Certified Line 

e QML-MIL-H-38534 

e Hermetically Sealed 
Packages 

¢ Performance Guaranteed 
over -55°C to +125°C 
Ambient Temperature 
Range 

e MIL-STD-883 Class B 
Testing 

° Wide V,,, Range 
(4.5 to 20 V) 

e 300 ns Maximum 
Propagation Delay 

e Compatible with LSTTL, 
TTL, and CMOS Logic 

* High Common Mode 
Rejection — 1000 V/us 
Guaranteed 

¢ 1500 Vdc Withstand Test 
Voltage 

¢ Three State Output 
Available 

e HCPL-2200 Function 
Compatibility 


Applications 


¢ Military/High Reliability | 


Systems — 

¢ Isolation of High Speed 
Logic Systems 

¢ Computer-Peripheral 
Interfaces 


Outline Drawings 


8 PIN CERAMIC DUAL IN-LINE PACKAGE 


HEWLETT 
PACKARD 


Uz 





~ 8 Pin Dual In-Line 


Package 
HCPL-5200 
HCPL-5201 (883B) 
5962 8876801PC 
HCPL-5230 | 
HCPL-5231 (883B) 
5962 8876901PC 


20 Terminal Leadless 
Chip Carrier 


HCPL-6230 
HCPL-6231 (883B) 


e Microprocessor System 
Interfaces 

e Ground Loop Elimination 

¢ Pulse Transformer 
Replacement 

¢ Isolated Bus Driver (Single 
Channel) 

¢ High Speed Line Receiver 


8-PIN CERAMIC DUAL-IN-LINE PACKAGE 









TYPE NUMBER 


(HCPL-5200, 
5201/883B OR 


DUAL CHANNEL 
(HCPL-5230 
'5231/883B OR 


CERTIFICATION MARK 
CH, OR Q) 


9.40 (0.370) 
9.90 (0.390) 0.51 (0.020) 
MIN. 
aeRO 
WY 4.32 ae 170) 


| | L. 3.81 (0.150) 


2.29 (0.090) 0.51 (0.020) 


2.79 (0.110 


6-222 


SINGLE CHANNEL 


5962 8876801PC) (0. 320) ° 


5962 8876901PC) 


| a 


7.37 (0.290) 








HCPL-5200 
5201 HCPL-5231 


HCPL-5230 
9562 8876801PC 5962 8876901PC 


DIMENSIONS IN MILLIMETERS AND (INCHES). 
“DETECTOR IC INTERNAL ELECTRICAL SHIELD 


20 TERMINAL CERAMIC LEADLESS CHIP CARRIER 


8.70 (0.342) 
9.10 (0.358) 














1.78 (0.070) 
2.03 (0.080) 





0.64 (0.025) 
(20 PLCS) 


Description 
The HCPL-5200, HCPL-5201, 
and 5962 8876801PC are single 


channel, logic gate optocouplers. 


The HCPL-5230, HCPL-5231 
and 5962 8876901PC are dual 
channel units made from the 
same chip sets. All six products 
are in eight pin hermetic dual 
in-line packages. These units 
are capable of operation and 
storage over the full military 
temperature ranges and can be 
purchased as either single or 
dual channel standard product 
(HCPL-5200 and HCPL-5230 
respectively), with full MIL- 
STD-883 Class Level B testing 
(HCPL-5201 and HCPL-5231 
respectively), or from the DESC 
Standard Military Drawings 
(SMDs) 5962-88768 and 5962- 
88769 as (5962 8876801PC or 
5962 8876901PC respectively). 
All parts are normally shipped 
with gold plated leads. They are 
also available with solder 
dipped leads by replacing C 
with Ain the SMD part #, or by 
adding option #200 to the part 
number for non-SMD parts. 


1.27 (0.050) 


(19 PLCS) 1.78 (0.070) 
2.03 (0.080) _ 
Lee 


= 


NOTE: DIMENSIONS IN MILLIMETRES (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 











(0.045) 
1.40 (0.055) 


: 








mi 


. TERMINAL 1 
a IDENTIFIER 

2.16 (0.085) 

ESD CLASS 





0.20 (0.008) 
RAD. TYP. 
(20 PLCS) 





= L.-—0.81 (0.020) 





7 


The HCPL-6230 and HCPL- 
6231 parts are in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard part is HCPL-6230. 
The product with full MIL-STD- 
883 Class Level B testing is 
HCPL-6231. These dual channel 
devices are configured and 
function as two independent 
single channels. Devices are 
delivered with solder dipped 
terminals as a standard feature. 
Units may also be purchased 
with gold-plated terminals. 


Each channel contains an 
AlGaAs light emitting diode 
optically coupled to an 
integrated high gain photon 
detector. The detector has a 
threshold with hysteresis. The 


hysteresis provides differential | 


mode noise immunity and 
eliminates the potential for 
output signal chatter. The 
detector in the single channel 
units has a three state output 
stage which allows for direct 
connection to data buses. The 
detector IC has an electric 
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___ 4.95 (0.195) 
| : 5.21 (0.205) 


7* XXXX XXXX 


1.02 (0.040) (3 PLCS) 


SUFFIX LETTER 


DATE CODE 


CERTIFICATION MARK 
(-, CH, OR Q) 

TYPE NUMBER 
(HCPL-6230, 
6231883B) 


. METALIZED CASTILLATIONS 
(20 PLCS.) 


1.52 (0.060) 
2.03 (0.080) 


shield that provides a 
guaranteed common mode 
transient immunity of 1,000 
Volts/usec. Improved power 
supply rejection eliminates the 
need for special power supply 
bypass precautions. 


All devices are guaranteed to 
operate over a V_,, range of 4.5 
Volts to 20 Volts. Low I, and 
wide V,,, range allow compati- 
bility with TTL, LSTTL, and 
CMOS. Logic low I, and low I,, 
result in lower power consump- 
tion compared to other high 
speed optocouplers. Logic 
signals are transmitted with a 
typical propagation delay of 100 
nsec when used in the circuit of 
Figure 11. 
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These units are useful for 
isolating high speed logic 
interfaces, buffering of input 
and output lines, and 
implementing isolated line 
receivers in high noise 
environments. 





The test programs on the 5962 table shows Group ASubgroup _ certified line and are included in 


8876801PC and 5962 testing requirements from these the DESC Qualified Manufac- 
8876901PC are in compliance drawings. turers List (QML) in accordance 
with DESC (SMDs) 5962-88768 with requirements for MIL-H- 
and 5962-88769 respectively. All devices are manufactured 38534. 

The electrical characteristics and tested on a MIL-STD-1772 | 

Schematics 


8 PIN CERAMIC DIP SINGLE CHANNEL SCHEMATIC 





DETECTOR IC INTERNAL 
ELECTRICAL SHIELD 


8 PIN CERAMIC DIP DUAL CHANNEL SCHEMATIC 20 TERMINAL CERAMIC LEADLESS 
| . CHIP CARRIER SCHEMATIC 


CATHODE 20 
1 
CATHODE 2 


ANODE 3 





TRUTH TABLE 
(POSITIVE LOGIC) 


INPUT OUTPUT 


H H 
be 2 L 





TRUTH TABLE 
(POSITIVE LOGIC) 


H H 
L L 
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Recommended Operating Conditions 


Fan Out 


Single Channel Product Only 


a 
Enable Voltage Low [ee oe 0.8 | Volts 


Absolute Maximum Ratings 


Storage Temperature Rane ..............ccccccccceceeessssesers -65°C to +150°C 
Operating Temperature ..............ccccecccsssseceeeetsescceeeeess -55°C to +125°C 
Case: Temperature 2.0 siiciseicivelossesesstensbtscsvesesbsiccsvssanvepesenenceees +170°C 
Lead Solder Temperature ..............cccccccccccsssssseesesceeeneees 260°C for 10s 
Junction Temperature (T 5) \.scswicalsssnsssasepscessasbivaniaorassonssaseedanvense +175°C 
Average Forward Current — [py pyg-.sssscscsssssssesscsnesesssnssscncesseenees 8 mA 
Péak Tipit: Current en To ioo svssnsenvecvesssicsarziceasniveensserieaiadovereonises 20 mA!! 
Reverse: Input Voltage. = V 9p scciss.vicsnssnsossecusonrsansecseoesselecnsevassessaosyien 5V 
DUPply Voltage Va awsiccstadsedionacaestsesnencareseess -0.0 V min., 20 V max. 
Average Output Current — I, (per channel) 0.0.0... ee eeeeeeeee 15 mA 
Output Voltage ='V 6 viscsasissevsrsvonseneesecvnsovesisaseee -0.3 V min., 20 V max. 
Total Package Power Dissipation — P, (per channel)............. 200 mW 
Single Channel Product Only 

Three State Enable Voltage — V,, ..............000 -0.3 V min., 20 V max. 
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Electrical Characteristics 


73 -55°C to 125°C, unless otherwise See For 4.75 V < Vac < 20 V,2mAs< Inow £ 8 aie OVs< 
<0.8V 


VF) 






































I, = 10 pA 1, 2,3 


Input Reverse 

Breakdown Voltage 
Input-Output Insulation 
Propagation Delay Time 
to Logic Low Output Level 
Propagation Delay Time 
to Logic High Output Level 


Logic High 

Common Mode 
Transient Immunity 
Logic Low 

Common Mode 
Transient Immunity 







ai RH, t =5s, 
= 1500 Vdc 


Group A 
Sym.| Test Conditions Subgroups" i Typ.* ra Units as Notes 
Logic Low Output Voltage I. = 6.4 mA (4 TTL Loads) ee Volts | 1,3 fee 
Toy = 72-6 gg Volts 
Logic High Output Voltage | V,, CHV, -2.1V) 1, 2,3 2.4 
= 938A ee 
Output Leakage Current mae 100 
V Vv 1, 2,3 
nisi |_| 800 | na | 
Single Y.. =5.5V |V,=0V 4.5 mA 
Channel V,, = Don't Care 1, 2,3 fad ae 
oe UR Be sane 
Dual Vog = 5.5 V | | 80 12.0 | mA 
Channel 1, 2,3 = 
a. ms OT [ae [aa | 
Channel 1,2, 3 
uo aes. ‘outs ces 
Supply _ 
cme [om |S [ioe rice 
Channel : 1, 2,3 
i aw mame 
Short Circuit | 1, 2,3 | 
Output Current Vo=Veo=20¥_ pos{ || ma 
Logic High Voc = 5-5 V | [| to | ma 
Short Circuit 1, 2,3 
Output Current Voc = 20 V Ed Pare 
Input Forward Voltage I,=8mA 1, 2,3 1.3 1.8 volts] 4] 2 | 


9, 10, 11 


173 





1000 


1000 
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Electrical Characteristics Single Channel Product Only 
T, = -55°C to 125°C, unless otherwise specified. 
For0V<V £$0.8V,45V<V,,<20V,2mA<I 


F(OFF) cc F (ON) 


unless otherwise specified. 
Group A 
Parameter Sym. Test Conditions Subgroups 
Toa 


High Impedance 
State Output 
Current 


Logic High Enable | V,,,, 
Voltage 
Logic Low Enable Vey 
Voltage 


<8 mA, 2.0 V< Ven 


IA 
db 
QO 

< 
oO 
< 
IA 
> 
IA 
jan) 
co 
< 


















we) 1 


_ 
So 
fo) 





< 
2. 
et 
n 










Logic High Enable len =| Ven = 5-5 V 1, 2,3 
Current 

Ven = 20 V 
Logic Low Enable | ae Vin = 0.4 V 1, 2,3 


Current 


= 
ney * 
feels] =| |e 
<i 
Helse| é 


*All typical values are at T, = 25°C, V,, = 5 V,I = 5 mA unless otherwise specified. 


» “F(ON) 


2 
ti 
3 
tc 
rr 
= a 
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Typical Characteristics Ee 2 | | | 
All typical values are at V,,. = 5 V, T, = 25°C), [.o,, = 5 mA unless otherwise specified. 


Parameter | | . | Symbol Test Conditions 


Tiys | 
AV, : 







© 
~] 




















Input Diode Temperature Coefficient 








E E 
aa 
| os 


Tv, | _ 
| Input-Output Resistance Vio= 500 Vde 
1-0 = | 
t. | 
te 


i) 
cm) 


R 
Input-Output Capacitance | C : 
[an SE ee ee a eo 
[ouput Paine 60308) |e PS 


Single Channel Product Only 

| Output Enable Time to Logic High 
Output Enable Time to Logic Low 
Output Disable Time from Logic High 





Output Disable Time from Logic Low 


Dual Channel Product Only 


Input-Input Insulation Leakage Current: : : : pf 


| Resistance (Input-Input) 


| Capacitance (Input-Input) 





Notes: 


. Peak Forward Input Current pulse width < 50 ps at 1 KHz maximum repetition rate. 

. Each channel. 

. Duration of output short circuit time not to exceed 10 ms. 

. Device considered a two terminal device: for 8 pin DIP, pins 1 through 4 are shorted together, and pins 5 through 8 are 
shorted together; for LCC, terminals 19, 20, 1, 2, 3 are shorted together, and terminals 7 through 15 are shorted together. 

. This is a momentary withstand test, not an operating condition. 

. tp, Propagation delay is measured from the 50% point on the leading edge of the input pulse to the 1.3 V point on the 
leading edge of the output pulse. The t,,,, propagation delay is measured from the 50% point on the trailing edge of the input 
pulse to the 1.3 V point on the trailing edge of the output pulse. 

7. CM, is the maximum rate of rise of the common mode voltage that can be sustained with the output voltage in the logic low 
state (V, < 0.8 V). CM, is the maximum rate of fall of the common mode voltage that can be sustained with the output 
voltage in the logic high state (V,, > 2.0 V). 

8. Measured between each input pair shorted together and all outputs for that channel shorted together. 

9. Measured between adjacent input pairs shorted together; i.e., for 8 pin DIP, between pins 1 and 2 shorted together and pins 
3 and 4 shorted together; for LCC, between terminals 19 and 20 shorted together, and terminals 2 and 3 shorted together. 

10. Zero-bias capacitance measured between the LED anode and cathode. 

11. Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and /883B parts receive 100% testing at 25, 125, and 

—55°C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 


m WD = 


2 Or 


6-228 


Vec = 4.5 
If =OmA 
lo =6.4mA 


> 
| 
Lu 
< 
a 
ce) 
> 
= 
~ 
a. 
e 
2 
1°) 
—_ 
uw 
> 
Ww 
-/ 
= 
° 
- 
| 
4 
° 
> 


ae ae 
ae es 
= a 
ee ae 
ae ae 
ee 
oe ae 
Leased 
aa ae 
ae ee 


Ty — TEMPERATURE — °C 


Figure 1. Typical Logic Low Output 
Voltage vs. Temperature 


> 
l 
WwW 
Oo 
<{ 
a 
a 
fe) 
> 
i 
a) 
a. 
= 
2 
fs) 
I 
ie) 
> 
lp — INPUT CURRENT —mA 
Figure 3. Output Voltage vs. 


Forward Input Current 








lon — HIGH LEVEL OUTPUT CURRENT — mA 
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Ta — TEMPERATURE — °C 


Figure 2. Typical Logic High Output 
Current vs. Temperature 


10.0 


1.0 


0.1 


0.01 


ip — INPUT CURRENT mA 


0.001 
1.050 1.100 1.150 1.200 1.250 1.300 1.350 





Ve — FORWARD VOLTAGE V 


Figure 4. Typical Diode Input 
Forward Characteristic 
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PULSE 
GENERATOR 
ta =te =5ns 
f = 100 kHz 
10% DUTY 

CYCLE 






Vcc 
















OUTPUT Vo 
| MONITORING. 


HCPL-5230 






INPUT 
MONITORING 
NODE 





<= THE PROBE AND JIG CAPACITANCES ARE 
INCLUDED IN C, 


ALL DIODES ARE 1N4150 . 


_ ___ Ip (ON) 






INPUT IF 32 -— —~— ——~——~—- 50% Ip (ON) 
OUTPUT 

Vo 
Figure 5. Test Circuit for t,, 4s tog: 





tp — PROPAGATION DELAY — ns 


Ta — TEMPERATURE — °C 


t, and t, 





PULSE 


GENERATOR 


INPUT 
MONITORING 
NODE 


Figure 6. Typical Propagation Delay vs. Temperature 






OUTPUT Vo 
MONITORING 


6192 


tr, te — RISE, FALL TIME — ns 





Ta — TEMPERATURE — °C 


Figure 7. Typical Rise, Fall Time vs. Temperature 
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C, = 15 pF INCLUDING PROBE 
AND JIG CAPACITANCE +5V 









$1 


INPUT Vc 
MONITORING 
NODE 


OUTPUT 
Vo 
$1 OPEN 















$2 CLOSED CLOSED 
Figure 8. Test Circuit for t,,,, tpzg tp.» and t,,, 
Vcc Vv 
HCPL-5230 cc 
OUTPUT Vo 
MONITORING 
NODE HCPL -6230 
O OUTPUT Vo 
eau ; MONITORING 
H F NODE 
BYPASS cig 
0.1 uF 
B BYPASS 


— —- 5OV 


Vem 


ov 
SWITCH AT A: Ip = 2mA 


f_._.Vo(min)*  . 


OUTPUT SWITCH AT B: Ip =OmA 


Vo {\ ~ Vo (max)* IN 


VoL 
*SEE NOTE 7 . = 


PULSE GEN. 





Figure 9. Test Circuit for Common Mode Transient Immunity and Typical Waveforms 
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Vec1 
(+5V) 


HCPL- 5200 


DATA 
INPUT 





TOTEM 

POLE Vec2 

OUTPUT 5V «1.1K 

GATE 10V—-.2.37K 
15V 3.83K 
20v.‘5.11K 


Vcc2 
(4.5 to 20V) 
©) 







Vec1 
(+5V) 


HCPL-6430 


OUTPUT 





Figure 10. LSTTL to CMOS Interface Circuit. 


Vec1 
(+5V) 







750 2 


HCPL-5230 


DATA 
INPUT 


TOTEM 
POLE 
OUTPUT 
GATE 


Vec1 
(+5 V) 





HCPL-6230 


Figure 11. Recommended LED Drive Circuit. 


Vcc 
(+5V) 


619 2 







HCPL -5230 
4.02 KQ 


DATA 
INPUT 


OPEN 
COLLECTOR 
GATE 







’ HCPL -6230 


DATA 
INPUT 


OPEN 
COLLECTOR 
GATE 


Figure 12. Series LED Drive with Open Collector Gate (4.02 kQ Resistor Shunts I, from the LED) 
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5 Vec2 










(+5V) 
eis DATA 
° OUTPUT 
(+5V) ' t 
i. ot 
bortssl 
665 22 665 2 m Sener STT 
’ yer" L L 
HCPL-.5230 1, | LOADS 
a o 1 7 ‘ss, OR 4 TTL LOADS 
7-0 
\/A a “ 
pata PL Se eo ae 
_ ETN Hi 
1oass 
DATA , ! “Ss 
TOTEM NPUT “iz fy celal > oureut 4 a 
INPUT b- 
POLE 4 | 5 =. 
OUTPUT ae 
GATE ot Pan? 
TOTEM 1 fT UPTO 16LSTTL 
' LOA 
OUTPUT 1 psd OR art LOADS 
GATE oe 
a 7-0 
i peat 
, ot 
be | 
iPS 
5 ea) 
be? 
Vec1 = 0 Vec2 
(+5 V) (+5 V) 
DATA 
6652 | i ~ OUTPUT 
lee 
DATA : | eee 
INPUT t— 
| L-f up To 16LSTTL wn 
| | LOADS OR o 
DATA | 4 TTL LOADS Re 
= 
INPUT =O 
[aa 
WS 
5 
ro) 
TOTEM TOTEM 
POLE POLE 
OUTPUT OUTPUT 
GATE GATE 


L-r UP TO 16 LSTTL 
LOADS OR 
KN 4 TTL LOADS 


| >---0 
ai 

rN 

le Pein) 
L 


Figure 13. Recommended LSTTL to LSTTL Circuit 
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Part Numbering System 


Product Product. SMD Product 
oe ee 
HCPL-6230 | HCPL-6231 


SMD 5962 8876801PC, rules and elements of the same II. Quality Conformance 










SMD 5962 8876901PC, microcircuit group. Inspection per MIL-STD- 
and MIL-STD-883 Class oe 883, Method 5005, Group A, 
B Test Program Testing consists of 100% screen- B,C, and D. — 
Hewlett-Packard's 883B ing to Method 5004 and quality Group A—See Electrical 
Optocouplers are in compliance conformance inspection to Characteristics Table. 

with MIL-STD-883, Revision C. Method 5005 of MIL-STD-883. Group B—No change. 
Deviations listed below are Group C—No change. 
specifically allowed in DESC Clarifications: Group D—Constant 

SMD 5962-88768 for an H.P. I. 100% screening per MIL- Acceleration — 
Optocoupler from the same STD-883, Method 5004 Condition A not E. 
generic family using the same constant accelera- 

manufacturing process, design tion—Condition A not E. 





CONDITIONS: I; = 8 mA 
lo =-15 mA. Ta = +125°C 


Figure 14. Single Channel Operating Circuit for Burn-in and Steady State Life Tests 


Vec + 20 V 
O 






0.1 uF 


CONDITIONS: I, = 8 mA ais 
lo = -15 
o=-18mA S 8 4126°¢ 


Figure 15. Dual Channel Operating Circuit for Burn-in and Steady State Life Tests 
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CONDITIONS: |; =8 mA Ta = +125°C 
lo =15mA 





Figure 16. Operating Circuit for Burn-In and Steady State Life Tests 
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Gi HEWLETT 


PACKARD 





Very High Speed, 


Hermetically Sealed 


Optocoupler 
Technical Data 


Features 

e DESC Standard Military 
Drawing 

e Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

¢ QML-MIL-H-38534 

¢ Hermetically Sealed 
Packages 

e Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

e MIL-STD-883 Class B 
Testing 

e High Speed Guaranteed 
Over Temperature 

¢ 60 ns Maximum 
Propagation Delay 

e 35 ns Maximum Pulse 
Width Distortion 

¢ High Common Mode 
Rejection — 500 Vi/us 
Guaranteed 

¢ Compatible with TTL, 
STTL, LSTTL and HCMOS 
Logic Families 

¢ Three State Output (No 
Pull-Up Resistor Required) 
— (5400/1 Only) 

¢ HCPL-2400 Function 
Compatibility 

¢ 1500 Vde Withstand Test 
Voltage 


8- pin Dual 
In-Line Package 
HCPL-5400 
~HCPL-5401 (883B) 
5962-8957001PC 


HCPL-5430 
HCPL-5431 (883B) 
5962-8957101PC 

20 Terminal Leadless 


Chip Carrier 
HCPL-6430 
HCPL-6431 (883B) 
§962-89571022A 
Applications ¢ Switching Power Supplies 
¢ Military/High Reliability ¢ Ground Loop Elimination 
Systems e High Speed Disk Drive I/O 
e Isolation of High Speed e Digital Isolation for A/D, 
Logic Systems D/A Conversion 
¢ Computer-Peripheral ¢ Pulse Transformer 
Interfaces Replacement 


¢ Isolated Bus Driver 
(Networking Applications) 
~ (5400/1 Only) 


Outline Drawings 
8 PIN CERAMIC DUAL-IN-LINE PACKAGE 


DATE — 


(—, SUFFIX LETTER) 






a TYPE NUMBER 
SINGLE CHANNEL 
(HCPL-5400, 
5401/883B OR 
5962-8957001PC 

DUAL CHANNEL 
(HCPL-5430 
5431/883B OR 
5962-8957101PC 


CERTIFICATION MARK 
(-, CH, OR Q) 





7.37 (0.290) 
7.87 (0.310) 





0 (0.370) 
SoG .390) x: 51 ie ot 





4. ~ [ase t 170) 
MAX. 


HCPL-5400 HCPL-5430 
HCPL-5401 HSCPL-5431 
3.81 iia: 150) 5962-8957001PC 5962-8957101PC 


DIMENSIONS IN MILLIMETERS AND (INCHES). 
*DETECTOR IC INTERNAL ELECTRICAL SHIELD 





2. on (0.090) 90.51 les 020) 
2.79 (0.110 
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20 TERMINAL CERAMIC LEADLESS CHIP CARRIER 8.70 Om) 


9 
4.95 (0.195) 
1.27 (0.050 oa lp besotted = 
(19 pices 1.78 (0.070) 5.21 (0.205) 
.03 (0.080) 








1.02 (0.040) (3 PLCS) 
















4.95 (0.195) 
§.21 (0.205) 


8.70 (0.342) 
9.10 (0.358) 











0.64 (0.025) 
(20 PLCS) 


Description 

The HCPL-5400, HCPL-5401, 
and 5962-8957001PC are single 
channel, logic gate optocouplers. 
The HCPL-5430, HCPL-5431, 
and 5962-8957101PC are dual 
channel units made from the 
same chip sets. All six products 
are in 8 pin hermetic dual in- 
line packages. These units are 
capable of operation and storage 
over the full military tempera- 
ture ranges and can be pur- 
chased as either single or dual 
channel standard product 
(HCPL-5400 and HCPL-5430 


—| 


NOTE: DIMENSIONS IN MILLIMETRES (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 





2.16 (0.085) 





| = lees (0.020) 





—— 


The HCPL-6430, HCPL-6431, 
and 5962-89571022A are dual 
channel parts in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard part is HCPL-6430. 
The product with full MIL-STD- 
883 Class Level B testing is 
HCPL-6431. The DESC SMD 
part is 5962-89571022A. All 
three products are configured 
and function as two 
independent single channels 
without enable. Devices are 
delivered with solder-dipped 
terminals as a standard feature. 





SUFFIX LETTER 


~ DATE CODE 


CERTIFICATION MARK 


ESD CLASS (-. CH, OR Q) 
0.20 (0.008) TYPE NUMBER 
RAD. TYP. (HCPL-6430, 
1.78 (0.070) (20 PLCS) 6431883B OR 
2.03 (0.080) '5962-89571022A) 


\ METALIZED CASTILLATIONS 
(20 PLCS.) 


1.52 (0.060) 
2.03 (0.080) 


detector. This combination 
results in very high data rate 
capability. The detector has a 
threshold with hysteresis. The 
hysteresis provides typically 
0.25 mA of differential mode 
noise immunity and minimizes 
the potential for output signal 
chatter. The detector in the 
single channel units has a three 
state output stage which 
eliminates the need for a pull- 
up resistor and allows for direct 
drive of a data bus. 


All nine units are compatible 


respectively), with full MIL- Units may also be purchased with TTL, STTL, LSTTL, and 
STD-883 Class Level B testing with gold-plated terminals. HCMOS logic families. The 35 
(HCPL-5401 and HCPL-5431 Ns pulse width distortion 
respectively), or from the DESC _ All devices are manufactured specification guarantees a 10 
Standard Military Drawings and tested on a MIL-STD-1772 mBaud signaling rate at +125°C 


(SMDs) 5962-89570 and 5962- 
89571 as (5962-8957001PC or 
5962-8957101PC respectively). 
All parts are normally shipped 
with gold plated leads. They are 
also available with solder 
dipped leads by replacing C 
with A in the SMD part #, or by 
adding option #200 to the part 
number for non-SMD parts. 


certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements for MIL-H- 
38534. 


Each channel contains an 
AlGaAs light emitting diode 
which is optically coupled to an 
integrated high gain photon 


with 35% pulse width distortion. 


Figures 11 through 16 show 
recommended circuits for 
reducing pulse width distortion 
and optimizing the signal rate 
of the product. 
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CAUTION: The small junction sizes inherent to the design of this bipolar component increases the component's susceptibility 


to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and assembly 
of this component to prevent damage and/or degradation which may be induced by ESD. 
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Schematics 
8 PIN CERAMIC DIP SINGLE CHANNEL SCHEMATIC 





—_——_ 
2 I; 
ANODE 
+ 
Ve 
3 
CATHODE O 
TRUTH TABLE 


(POSITIVE LOGIC) 









8 PIN tea DIP DUAL aaa SCHEMATIC 20 TERMINAL CERAMIC LEADLESS 


CHIP CARRIER SCHEMATIC _— 


Vec 
18 17 16 15 14. 


ANODE 19 
CATHODE 20 

1 
CATHODE 2 


ANODE 3 





TRUTH TABLE 
(POSITIVE LOGIC) 


H (ON) L ‘ 
L (OFF) H 





TRUTH TABLE . 


(POSITIVE LOGIC) | 


H (ON) L 
L (OFF) H 
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Recommended Operating Conditions 


[Parameter | Symbol | Min, | Max. 


[aput Careent igh) | Taam | _6 
[input Votage ow) | Voorn | — 
ae 





Fan Out (each channel) 


Single Channel Product Only 
Enable Voltage (High) | Veg | 2.0 VS Volts 


Absolute Maximum Ratings 


Storage Temperature Range ..............:cccssssseceesssreeeees -65°C to +150°C 
Operating Temperature ................ccccecccsssssecseeeeceeeeees -DD°C to +125°C 
Case Temperature — Ty, ........s.sscsscscssssesscserserescsessessecssssesesenrene tL TOG 
Lead Solder Temperature .................cccccssssssecsceccessscsceee 260°C for 10s 
i (1.6 mm below seating plane) 
Average Forward Current — Ip yy sssssssssesesesesscssesceesessessssseeeseens 10 mA 
Peak: Input Gurrent = Discos siveccesvcsvesscdsesasestasuavessumesentestvsass 20 mA"! 
Reverse Input Voltage: Vp. ..scsssisssseccscossssesesonnssovatecsnnscsesoonsonaesscease 5V 
Supply Voltage = Vics ieciscecsssisssetsnedaccecsevesseasesnas 0 V min., 7.0 V max. - 
Average Output Current — Ip... ssssseee -25 mA min., 25 mA max. 
Output Voltage — V,, .......ssscsscrsssesecsesssssssonoess -0.5 V min., 10 V max. 
Output Power Dissipation — P, (per channel) ................s000 130 mW 
Total Package Power Dissipation P.,, .............:cssssssesssssseees .....400 mW 
Single Channel Product Only | 
Three State Enable Voltage — V,, .............:0000 -0.5 V min., 10 V max. 
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Electrical Characteristics ! | ; 
T, = -55°C to 125°C, 4.75 V < Von § < 5.25 V,6 mA< = < 10 mA, 0 V< Vi opp, < 0.7 V, unless otherwise 


apecified: 
ribs Alfio] 
Parameter Test Conditions | Subgroup 


Logic Low Output Voltage | V,, |1,,=8-0mA 1, 2,3 
(5 TTL Loads) 
Logic High Output Voltage Toy = -4.0 mA os 


Output Leakage Current Be 


Logic Low 
Supply Current 
45% RH, t=5s, 
Vj. = 1500 Vde 
Propagation Delay Time ae 9,10, 11 
Logic a Output Level 
Guaranteed Performance 
T, = -55°C to 125°C 


[Propagation DelaySkew [tm] —*«dt Sidi Od 









Notes 










Channel 














Dual 






Channel | Vee = 5. 25 V 
V, = 0 V (Single 
Single Channel Only) 






Logic High 
Supply Current 


Channel 







Dual 
Channel 










Input-Output Insulation 
Leakage Current 













Logic High 
Common Mode 
Transient Immunity 


Logic Low 
Common Mode 
Transient Immunity 
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Electrical Characteristics (continued) 
T, = -55°C to 125°C, 4.75 V < V,, < 5.25 V, 6 MA <I, oy < 10 MA, 0 V < V, op, ¥ 0.7 V, unless otherwise 
specified. 


Single Channel Product Only 


| Group A!® 
Parameter Sym. | Test Conditions Subgroup 


3 
3 


Logic High Enable Vex 
Voltage 
Logic Low Enable Vay, 1, 2, 
Voltage 
> 2, 


1 
Logic High Enable 


Current 


Logic Low Enable 
Current 


High Impedance 
State Supply 
Current 


High Impedance 
State Output 
Current 





HERMETIC 


*All typical values are at V,,, = 5 V, T, = 25°C, I, = 8 mA except where noted. 


: , 
4 
= 
5 
b 
a) 
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es 


pical Characteristics 
All typical values are at V,,, = 5 V, T, = 25°C, I, = 8 mA unless otherwise specified. 


— co = 
Lcd Pek [Wersv 


A 


Input-Output Resistance | Ro | lor | Q | V1.9 = 500 Vde 

Input-Output Capacitance | C | 06 | PF | f= 1 MHz, V,, = 0 Vde 

Logic Low Short Circuit Output Current | Ton, | 65 | mA | Vo = Voc = 5.25 V, I, = 10 mA 
eae epee te 





Logic High Short Circuit Output Current Ss stone: | | mA | Veo = 5.25 V, I, = 0 mA, V, = GND 
Capa Rin Tine GOR) |e 
[a 


Outpat Fall Time (0-100) ee 
48 Hz <f_ < 50 MHz 


Power Supply Noise Immunity 


Input Capacitance 

Output Enable Time to Logic High 

Output Enable Time to Logic Low | 

Output Disable Time from Logic High - 


_ 
Output Disable Time from Logic Low 15 
Peceel 


Q 
R 
o 
QO 
v 
e 
g 
) 
|& 


f= 1 MHz, V, = 0 V, Pins 2 and 3 


— ee 
2 re re 
i a 

Pins 3 and 4 


as [oF [t=immvjsov 
I 


Input-Input Capacitance q 


Input-Input Leakage Current 


E 
4 
: 
d 
: 
ar 
le 


| 0.5 | nA | V,,=500 Vde, 45% RH 
ohms | V,, = 500 Vde 
otes: 2 


1. Not to exceed 5% duty factor, not to exceed 50 psec pulse width. | 

2. Device considered a two terminal device: for 8 pin DIP, pins 1 through 4 are shorted together, and pins 5 through 8 are 
shorted together; for LCC, terminals 19, 20, 1, 2, 3 are shorted together, and terminals 7 through 15 are shorted together. 

3. This is a momentary withstand test, not an operating condition. | 

4. t,,,,, propagation delay is measured from the 50% level on the rising edge of the input current pulse to the 1.5 V level on the 
falling edge of the output pulse. The t,,,, propagation delay is measured from the 50% level on the falling edge of the input 
current pulse to the 1.5 V level on the rising edge of the output pulse. Pulse width distortion, PWD = It,,,,-t,,,,!. 

5. CM,, is the maximum slew rate of the common mode voltage that can be sustained with the output voltage in the logic high 
state (Vo yin > 2-0 V). CM, is the maximum slew rate of common mode voltage that can be sustained with the output voltage 
in the logic low state (Vay,x) < 0.8 V). 

6. Duration of output short circuit time not to exceed 10 ms. 

7. Power Supply Noise Immunity is the peak to peak amplitude of the ac ripple voltage on the V,,, line that the device will 
withstand and still remain in the desired logic state. For desired logic high state, V,,y:y) > 2-0 V, and for desired logic low 
state, Vo, cax) < 0.8 volts. 

8. Measured between adjacent input pairs shorted together; i.e., for 8 pin DIP, between pins 1 and 2 shorted together and pins 
3 and 4 shorted together; for LCC, between terminals 19 and 20 shorted together, and terminals 2 and 3 shorted together. 

9. Each channel. 

0. Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and/883B parts receive 100% testing at 25, 125, and 
-55°C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 

11. Subgroups 10 and 11 shall be tested as part of device initial characterization and after design and process changes. 
Subgroups 10 and 11 shall be guaranteed to the limits specified for all lots not specifically tested. Subgroup 9 shall be tested 
with every lot. 

12. Propagation delay skew is defined as the difference between the minimum and maximum propagation delays for any given 
group of HCPL-540X, HCPL-543X, and HCPL-643X optocouplers that are all switching at the same time under the same 
operating conditions. The minimum propagation delay is the shortest delay, either t,,,, or t,,,,, of any of the optocouplers; the 
maximum delay is the longest delay, either t,,,, or t,,,,, of any of the optocouplers. For more application information see 
HCPL-2430 data sheet. 


Input-Input Resistance 
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p= 


channel parameter limits. 
























































VoL — LOGIC LOW OUTPUT VOLTAGE — V 
Vou —- LOGIC HIGH OUTPUT VOLTAGE — Vv 
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0 4 8 12 16 20 
Io, — LOGIC LOW OUTPUT CURRENT — mA lo — LOGIC HIGH OUTPUT CURRENT — mA 
Figure 1. Typical Logic Low Output Figure 2. Typical Logic High Output 
Voltage vs. Logic Low Output Voltage vs. Logic High Output. Current. 
Current. 
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Figure 3. Typical Output Voltage vs. Figure 4. Typical Diode Input 
Input Forward Current. Forward Current Characteristic. 
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— THE PROBE AND JIG CAPACITANCES ARE REPRESENTED BY 
™  C_ AND Co. 
ALL DIODES ARE 1N4150 OR EQUIVALENT. 
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ae 50% I¢ (ON) 
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Figure 5. Test Circuit for t,, ,» t 


t., and t,. 


PHL’ 


6-244 


8 PIN DIP 


100 100 





75 75 


50 50 








t p- PROPAGATION DELAY — ns 
tp— PROPAGATION DELAY - ns 














-55 25 5 35 65 95 125 


Ta — TEMPERATURE - °C 





20 TERMINAL LCC 























Ta — TEMPERATURE - °C 


Figure 6. Typical Propagation Delay vs. Ambient Temperature. 


8 PIN DIP 














tp— PROPAGATION DELAY — ns 
tp— PROPAGATION DELAY — ns 














lp - INPUT FORWARD CURRENT ~ mA 





20 TERMINAL LCC 




















Ip - INPUT FORWARD CURRENT - mA 


Figure 7. Typical Propagation Delay vs. Input Forward Current. 
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INPUT Ve 
MONITORING O 
NODE $2 
INPUT Ve 
SWITCH MATRIX 
S1 
OUTPUT Vo CLOSED 
(Ip = 9 mA) OPEN _ 
CLOSED 
CLOSED 
OUTPUT Vo 
(te =0 mA) 





ALL DIODES ARE 1N4150 OR EQUIVALENT 
C1 = 30 pF INCLUDING PROBE AND JIG CAPACITANCE. 


Figure 8. Test Circuit for t,,,, tpzq tp, 2, and t,,,- 
(Single Channel Product Only). 
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Figure 10. Propagation Delay Skew, t,,,, Waveform. 
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ENABLE PROPAGATION DELAY — ns 























Ta — TEMPERATURE — °C 


Figure 9. Typical Enable 
Propagation Delay vs. Ambient 
Temperature. (Single Channel 
Product Only). 


Vec = 5.0 V 






0.1 up F* 
OUTPUT Vo 


O MONITORING 
NODE 


HCPL - 5430 Vcc = 5.0V 





0.1 uF* OUTPUT Vo 
O MONITORING 











Bs t 
NODE CL 
15 pF 
PULSE = 
£6 GENERATOR 
15 pF 
PULSE GENERATOR = 
50 V 
ov Sf \ 
Vem 
SWITCH AT A: lf = OmA 
Vou 
-— VoMAX.** VV 
/N Vo MIN.** ~~ 
VoL 
SWITCH AT B: 1; = 6 mA 
*TOTAL LEAD LENGTH < 10 mm FROM DEVICE UNDER TEST. 
**SEE NOTE 5. CONDITIONS: 
tC 1S APPROXIMATELY 15 pF, WHICH INCLUDES PROBE AND le = 10 mA, lec = 25 mA 
F mA, lec mA, 

STRAY WIRING CAPACITANCE. lo = 25 mA, Ta = +125°C 
Figure 11. Test Diagram for Common Mode Transient Figure 12. Single Channel Operating Circuit for 
Immunity and Typical Waveforms. Burn-In and Steady State Life Tests. 
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CONDITIONS: t¢ = 10 mA, Icc = 48 mA, 
lo = 25 mA, Ta = +125°C = 


Figure 13. Dual Channel Operating Circuit for Burn-In 
and Steady State Life Tests. 








CONDITIONS: If = 10 mA 
lo= 25mA 
Icc = 48 mA 







Ta = +125 °C 


Figure 14. Operating Circuit for Burn-In and Steady State Life Tests. 
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Part Numbering System 


_ Commercial | _ Class B 
Product Product SMD Product 
HCPL-5400 HCPL-5401 | 5962-8957001PC | 


HCPL-5430 HCPL-5431 | 5962-8957101PC 
HCPL-6430 | HCPL-6431 | 5962-89571022A 










SMD 5962-8957001PC, 
SMD 5962-8957101PC, 
SMD 5962-89571022A, 
and MIL-STD-883 Class 
B Test Programs 
Hewlett-Packard's 883B 
Optocouplers are in compliance 
with MIL-STD-883, Revision C. 
Deviations listed below are _ 
specifically allowed in DESC 
SMDs 5962-89570 and 5962- 
89571 for Hewlett-Packard 
Optocouplers from the same 
generic families using the same 
manufacturing processes, 
design rules and elements of the 
same microcircuit groups. 


Testing consists of 100% screen- 
ing to Method 5004 and quality 
conformance inspection to 
Method 5005 of MIL-STD-883. 


Clarifications: 


I. 100% screening per MIL- 
STD-883, Method 5004 
constant accelera- 
tion—Condition A not E. 

II. Quality Conformance 
Inspection per MIL-STD- 
883, Method 5005, Group A, 
B, C, and D. 

Group A-See Electrical 

Characteristics Table. 

Group B-No change. 

Group C—No change. 

Group D-Constant 
Acceleration — 
Condition A not E. 


Data Rate and Pulse- 
Width Distortion 
Definitions 


Propagation delay is a figure of 
merit which describes the finite 
amount of time required for a 
system to translate information 
from input to output when 
shifting logic levels. 
Propagation delay from low to 
high (t,,,,) specifies the amount 
of time required for a system's 
output to change from a Logic 0 
to a Logic 1, when given a 
stimulus at the input. 
Propagation delay from high to 
low (tp,,,) specifies the amount 
of time required for a system's 
output to change from a Logic 1 
to a Logic 0, when given a 
stimulus at the input (see 
Figure 5). 


When t,,,, and t,,,, differ in 
value, pulse width distortion 
results. Pulse width distortion 
is defined as |t,.,,-tp.,! and 
determines the maximum data 
rate capability of a distortion- 


limited system. Maximum pulse 


width distortion on the order of 
25-35% is typically used when 
specifying the maximum data 


rate capabilities of systems. The 


exact figure depends on the 


particular application (RS-232, — 


PCM, T-1, etc.). | 


6-248 


These high performance 
optocouplers offer the advan- 
tages of specified propagation 
delay (t..5,. tp), and pulse- 
width distortion (lt..54, toa, !) 
over temperature and power 
supply voltage ranges. 


Applications 


Vec, = +5 V 


HCPL-5400 





TOTEM POLE Y=A 
OUTPUT GATE 
(e.g. 54AS1000) 


Figure 15. Recommended HCPL-5400 Interface Circuit. 





Vee, 7 +5 V HCPL-5400 
Vcc = 5 V 
DATA 
IN 
P DATA 
OUT 
Y 
GND 1 GND 2 
OPEN COLLECTOR 
OUTPUT GATE LSTTL 
(e.g. 54805) STTL 
HCMOS 


Figure 16. Alternative HCPL-5400 Interface Circuit. 
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DATA 
WA ie | 
DATA 
OUT Y 
TOTEM POLE 
OUTPUT GATE 
(e.g. 54AS1000) 
DATA 
DATA OUT Y 
INA 
GND 1 GND 2 





Figure 17. Recommended HCPL-5430 Interface Circuit. 
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Vceci =t+5V 464 0 




















HCPL-5430 


DATA Meta 2' 

IN A 
STTL 
OPEN COLLECTOR 
OUTPUT GATE 
(e.g. 54S05) 


DATA 
OUT Y 


DATA 


DATA 
INA 


OUT Y 


GND 2 


Figure 18. Alternative HCPL-5430 Interface Circuit. 


Vec2 = +5 V 
HCPL-6430 


Vec1=5V ae 226 2 30 pF 


DATA DATA 
INA 


A RL | al 
TOTEM POLE 
OUTPUT GATE DATA 
(e.g. 54AS100) pe OUT Y 
eS 


GND 1 oe 30 pF 


DATA 
INA 


GND 2 
Figure 19. Recommended HCPL-6430 Interface Circuit. 
Vcc2 = +5V 
HCPL-6430 
Vcec1= +5 V 
DATA _ DATA 
INA OUT Y 
STTL 
OPEN COLLECTOR: 
OUTPUT DATA 
Sele OUT Y 
(e.g. 54805) 
DATA 
INA | 
GND 2 


Figure 20. Alternative HCPL-6436 Interface Circuit. 
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Dual Channel High CMR High 
Speed Hermetically Sealed 


Optocouplers 
Technical Data 


Features 

¢ DESC Standard Military 
Drawing 

e Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

¢ QML-MIL-H-38534 

¢ Hermetically Sealed 8-pin 
Dual In-Line Package 

e Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

e MIL-STD-883 Class B 
Testing 

e Internal Shield for Higher 
CMR 

e 1500 Vdc Withstand Test 
Voltage 

¢ High Radiation Immunity 

¢ HCPL-2631, HCPL-56XxX, 
66XX Function 
Compatibility 


Description 

The 6N134, 6N134/883B, and 
8102801EC units are 
hermetically sealed, high CMR, 
high speed optocouplers. The 
products are capable of 
operation and storage over the 
full military temperature range 
and can be purchased as either 
a standard product (6N134), 
with full MIL-STD-883 Class 


Level B testing (6N134/883B) or 
from the DESC Drawing 81028 
as (8102801EC). All three 
products are dual channel in 
sixteen pin hermetic dual in-line 
packages. These parts are 
normally shipped with gold 
platted leads. They are also 
available with solder dipped 
leads by replacing C with A in 
the DESC part #, or by adding 
option #200 to the part number 
for non-DESC parts. 


Outline Drawing 






PIN1 ESD 


CODE CERTIFICATION MARK — 


(-, CH, OR Q) 


g_____. 20.06 (0.790) 
~~ 30.83 (0.820) 











0.51 a een) | 


hy 2.29 (0.090) 3.81 Lo 150) 


2.79 (0.110) 





DIMENSIONS IN MILLIMETERS AND (INCHES) 
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TYPE NUMBER 
(6N134, 
6N134/883B 
OR 8102801EC) 


“ps 51 ak ee | 


4.45 a a 


Tame 


6N134 
6N134/883B 
8102801EC 


Each channel contains a GaAsP 
light emitting diode which is 
optically coupled to an | 
integrated high speed photon 
detector. The output of the 
detector is an open collector 
Schottky clamped transistor. 
Internal shields provide a 
guaranteed common mode 
transient immunity specifica- 
tion of 1000 V/us. Selection for 
higher CMR values are avail- 
able by special request. 


7.37 (0.290) 
7.87 (0.310) 








0.20 (0.008) 


ossoors)—) | 
ay 








2 
G 
= 
ea 
La 
x 


OPTOCOUPLERS 





This unique optocoupler design 
provides maximum dc and ac 
circuit isolation between each 
input and output while achiev- 
ing TTL circuit compatibility. 
These optocouplers operate such 
that a minimum input current 
of 10 mA in each channel will 
sink a six gate fanout (10 mA) 
at the output with 4.5 to5.5V. 
Voc applied to the detector. This 
isolation and coupling is 
achieved with a typical 
propagation delay of 55 nsec. 


The test program performed on 
the 8102801EC is in compliance 
with DESC Drawing 81028. The 
electrical characteristics table 
shows Group A Subgroup 
testing requirements from this 
drawing. i 


All devices are manufactured 
and tested on a MIL-STD-1772 


Absolute Maximum Ratings 


certified line and are included in 
the DESC Qualified .. 
Manufacturers List (QML) in — 
accordance with requirements 
for MIL-H-38534. 


Applications 
e Military/High Reliability 
Systems 


Schematic 
ae. EIS 
+ i 
I 
VF4 ae 
1 I 
= I 
I 
6 lpg 
ne i 


NOTE: 
A 0.01 TO 0.1 pF BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 15 AND 10. 


Storage Temperature ...........:cscscsccessesseseeseseeesssons 

Operating Temperature ...........ccccccceccecssssssecceeeeeeeesenes -55°C to +125°C 
Lead Temperature (soldering, 10 seconds) ...............cscc0ceeeeeeees +260°C 
Junction Temperature (T),)..........ccscsscescssseressscsensesesees souleiapatee +175°C 
Peak Forward Input Current | . 

(each channel) si .sisiiie nna te 40 mA (<1 ms Duration) 
Average Input Forward Current (each channel)............... See 20 mA 
Input Power Dissipation (each channel)........... idee muadteren 35 mW 
Reverse Input Voltage (each channel) ................ceeceseeeeees waaiavienae 5V 


Output Current — I, (each channel) 0... cesses seeeeeeeneeees 25 mA 
Output Power Dissipation (each channel) ...........c...ccccceseeeeeeees 40 mW 
Output Voltage — V, (each channel)..........cceecssesseseeseeseseeeseneeseens 7 V* 
Total Power Dissipation (both channels) ............ccccccccsseeeeeeeees 350 mW 


*Selection for higher output voltages up to 20 V is available. 


Recommended Operating Conditions 


Input Current, Low Level, Each Channel 
Input Current, High Level, Each Channel 


? 
3 U 


Supply Voltage | 


Fan Out (TTL Load), Each Channel 


Operating Temperature 


*12.5 mA condition permits at least 20% CTR degradation guardband. Initial switching threshold is 10 mA or less. 
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e Logic Ground Isolation 


« Line Receiver 


e Computer-Peripheral | 


Interface 


¢ Vehicle Command/Control 


Isolation 
e Harsh Industrial 
Environments 


e System Test Equipment 


Isolation 








Electrical Specifications 


Group A 
ie: Su 
Test Symbol Conditions Typ.* 
Low Level Vie ~¢ = 5.5 V; 1, = 10 mA 1,2 0.4 
Output Voltage Io, = 10 mA 
Current Transfer h, CTR yo = 0.6 V;I,=10mA 
Ratio =5.5V 
High Level Output Voc = 5-5 V; V, = 5.5 V 
Current I,= = 250 pA 
High Level cc = 5-5 V3 I,, =1,, 
Supply Current 
we = 5.5 V5 Ip, =Tp, = 20 mA 


* 


5 
8 





e 
=} 
arty 
| 
jade 
ae 


Lelel= 
Q 
Et dod 


; 


Low Level 
Supply Current 


< 
5 


Input Forward 
Voltage 


ig 
Input Reverse 
Breakdown Voltage 


Z 
: -) +] 512 
® 





< 
Q, 
Q 











Input to Output 
Insulation Leakage 
Current 








Capacitance 
Between 
Input/Output 


f= 1 MHz; T, = 25°C 





4 
ta 
3 
oc 
Ld 
x 






Propagation Delay 
Time, Low to 
High Output 
Level 


R, = 510 Q; C, = 50 pF 
I, “213 mA 


OPTOCOUPLERS 


ia “ 





SX 
wo 





Output Fall Time 


V9 = 1500 V de 
Relative Humidity = 45% 
t = 5 seconds 


err errr eo 
-_ 
pa ete 
Na 


9,10,11 | 1000 | 10000 
9,10,11 | 1000 | 10000 


Propagation Detay~ : 

Time, High to ee = 510 Q;C, = 50 pF 
Low Output 

Level 


ig 
. m 


















Common Mode 
Transient 
Immunity at 

High Output Level 


Voy = 50 V (peak); 
V, = 2 V minimum; 
R,, = 510 Q; 

I, =0 mA 






V ps 





Common Mode Vow = 50 V (peak); 


om 
& 


Transient V, = 9.8 V minimum; V us 11, 
Immunity at R, = 510 Q; 12 
Low Output Level I, =10 mA 


*For JEDEC registered parts. **All typical values are at V,,, =5 V, T, = 25°C. 
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= 5 V each channel 


| Units | Test Conditions 


V, =0,f= 1 MHz 


Typical Specifications T, = 25°C), V, 


cc 
_— 
 Taput Capacitance 


| Input Diode emperataie 
| pCocmcent 


Resistance 

(Input- Output) 

| Input-Input Leakage 
Current 


Resistance (Input-Input) 


Capacitance (Input-Input) 
Output Rise Time (10-90%) 
Output Fall Time (90-10%) 


Notes: 

. Each channel. | | 

. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together. 

. Measured between pins 1 and 2 or 5 and 6 shorted together, and pins 10, 12, 14 and 15 shorted together. 
. Measured between pins 1 and 2 shorted together, and pins 5 and 6 shorted together. _ 


. The t,,,, propagation delay is measured form the 6.5 mA point on the trailing edge of the input pulse to the 1.5 V point on 
the trailing edge of the output pulse. . 


. The t,,,, propagation delay is measured from the 6.5 mA point on the leading edge of the input pulse to the 1.5 V point on 
the lea ding edge of the output pulse. 


7.C as the max. tolerable common mode transient to assure that the output will remain in a high logic state (ie., V, > 
2.0 







a 


Be 
> 
int 

y 






—_ 
a) 
_ 
NS 


ae 
Or 


mV/°C| I, = ~ 20 mA 








-1.5 


Wy, = = 500 V 


ad 
on 
p> 


elative Humidity = 45% 


=e] FiBL 


R 
ec t=5s 


a 
pond 
an) 

< 






ce 





s 


: 
oo | & 
oN 





ct 


my 


Oh & KH Ee 


es 


8. CM, is the max. tolerable common mode transient to assure that the output will remain in a low logic state (ie., V, < 0.8 V). 
9. It is essential that a bypass capacitor (0.1 pF, ceramic) be connected from pin 10 to pin 15. Total lead length between both 
ends of the capacitor and the isolator pins should not exceed 20 mm. 
10. This is a momentary withstand test, not an operating condition. 


11. Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and /883B parts receive 100% testing at 25, 125, and 
-55°C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 


12. Subgroups 10 and 11 shall be tested as part of device initial characterization and after design and process changes. 
Subgroups 10 and 11 shall be guaranteed to the limits specified in table I for all lots not specifically tested. Subgroup 9 shall 
be tested with every lot. 


10000 





L 4 
- 100 
a ; 
uu ; 1 
Fs a Pale 
c 10 
Q 
g 1.0 ! 
=. 
c 0.1 = 

0.001 ar ae rE 





1.10 1.20 1.30 1.40 1.5 


o 


Ve — FORWARD VOLTAGE V 


Figure 1. Input Diode Forward Current vs. Forward 
Voltage 
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GENERATOR 
Zo =500 
ty=5 ns 














.01 pF 
INPUT BYPASS 
MONITORING 


NODE 


C.* 


OUTPUT 
Vo 


BYPASS 





Vo — OUTPUT VOLTAGE — V 





I; — INPUT DIODE FORWARD CURRENT — mA 


Figure 4. Input-Output Characteristics 
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Figure 3. Propagation Delay, t,,,, and t,, , vs. Pulse 
Input Current, I, 
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Figure 5. Propagation Delay vs. Temperature 
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0.1 yF 
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53V — 
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— — — Vo (max.) 
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Figure 6. Typical Common Mode Rejection 


Characteristics/Circuit 


SMD 8102801EC and 
MIL-STD-883 Class B 
Test Program 


Hewlett-Packard's 883B | 
Optocouplers are in compliance 


with MIL-STD-883, Revision C. 


Deviations listed below are 
specifically allowed in DESC 
drawing 81028 for an H.P. 
Optocoupler from the same 
generic family using the same 
manufacturing process, design 
rules and elements of the same 
microcircuit group. 


Testing consists of 100% 
screening to Method 5004 and 
quality conformance inspection 
to Method 5005 of MIL-STD- 

—- 883. 


6N134/883B | 
Clarifications: 

I. 100% screening per MIL- 
STD-883, Method 5004 
constant acceleration — 
Condition A not E. 


Part Numbering System 






Ta = +125°C 


Figure 7. Operating Circuit for Burn-In and Steady 
State Life Tests 


Commercial Product | Class B Product | SMD Product 


6N134/883B 


II. Quality Conformance 
Inspection per MIL-STD-883, 
Method 5005, Group A, B, C, 
and D. ~ 
Group A — See Electrical 

Characteristics 
| Table. 
Group B — No change. 
Group C — No change. 
Group D — Constant 
Acceleration — 
Condition A not E. 
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8102801EC 





For more information call: 

United States: 1-800-752-0900* 

Or write: . 
Hewlett-Packard Components 
Customer Information Center 
Building 49 AV 
19310 Pruneridge Avenue 
Cupertino, California 95014 

Canada: (416) 678-9430* 

Europe: (49) 7031/14-0* 

Far East: (65) 271-9444* 

Japan: (81) 03-331-6111* 

Elsewhere in the world: (415) 857-5027* 

*Qr call your local HP sales office listed 


in your telephone directory. Ask for a 
Components representative. 


Data Subject to Change 
Copyright © 1990 Hewlett-Packard Co. 


Printed in U'S.A. 5952-0000 (7/90) 


High CMR High Speed 
Hermetically Sealed 


Optocouplers 
Technical Data 


Features 


e Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

¢ QML-MIL-H-38534 

e Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

¢ MIL-STD-883 Class B 
Testing 

¢ High Speed: 10M Bit/s 

e Internal Shield for High 
CMR 

¢ Open Collector Outputs 

¢ 1500 Vdc Withstand Test 
Voltage 

¢ High Radiation Immunity 

¢ 6N134, 6N137, HCPL-2601, 
HCPL-2630/31 Function 
Compatibility 


Applications 

e Military/High Reliability 
Systems 

¢ Isolated Input Line 
Receiver 

¢ Isolated Output Line 
Driver 

e System Test Equipment 
Isolation | 

¢ Digital Logic Ground 
Isolation 

¢ Computer-Peripheral 
Interface. 

° Level Shifting 

¢ Vehicle Command/Control 
Isolation 


Outline Drawings 


HEWLETT 
PACKARD 


G) 





HCPL-5600 
HCPL-5601 (883B) 
HCPL-5630 
HCPL-5631 (883B) 
(8-pin Dual In-Line Package) 
HCPL-6630 
HCPL-6631 (883B) 
(20 Terminal Leadless Chip 
Carrier) 


8-pin Ceramic Dual In-Line Package 


SINGLE CHANNEL 
(HCPL-5600) 
(5601/8838) 


DUAL CHANNEL 
(HCPL-5630) 
(5631/883B) 


SUFFIX LETTER 

DATE CODE 
CERTIFICATION MARK 
(-, CH) 


TYPE NUMBER 





PIN 1 


ESD CLASS 


9.40 (0.370) 
~ 9.90 (0.390) 


TT 7 ‘ T : 


3.81 se 150) 


0.51 ok Nd 








9(0.090) 90.51 i 020) 
23 79 (0.110 MAX. 





Description 

These units are single and dual 
channel, hermetically sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military tempera- 
ture range and can be pur- 
chased as either a standard 
product or with full MIL-STD- 
883 Class Level B testing. All 
devices are manufactured and 
tested on a MIL-STD-1772 
certified line and are included 
in the DESC Qualified Manu- 
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7.37 (0.290) 


8.13 7.87 (0.310) 


(0.320) 
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HCPL-5600 
HCPL-5601 


HCPL-5630 
HCPL-5631 





DIMENSIONS IN MILLIMETERS AND (INCHES). 


facturers List (QML) in accord- 
ance with requirements for 
MIL-H-38534. 


The HCPL-5600, 5601, 5630 
and 5631 are in 8 Pin ceramic 
DIPs configured as either single 
or dual channel devices. The 
standard products are HCPL- 
5600 and HCPL-5630. The 
products with full MIL-STD-883 
Class Level B testing are 
HCPL-5601 and HCPL-5631.. 


Outline Drawings 


8 Pin Ceramic DIP Dual Channel Schematic 





0.64 spel Ne 


(20 PLCS) - 





1.27 (0.050) 
(19 PLCS) 1.78 (0.070) 
2.03 (0.080) 


1.14 (0.045) 
1.40 (0.055) 









TERMINAL 1 


Le IDENTIFIER 


2.16 (0.085) 
ESD CLASS 
0.20 (0.008) 


RAD. TYP. 
(20 PLCS) 








SOLDER THICKNESS 0.127 (0.005) MAX. 


| | is 0.51 (0.020) 






—+ 1.02 (0.040)(3PLCS) 
SUFFIX LETTER 

DATE CODE 

CERTIFICATION MARK 


(-, CH) 


TYPE NUMBER 
(HCPL-6630 OR 6631/8838) 


x METALIZED CASTILLATIONS 
"5. (20 PLCS.) 


1.52 (0.060) - 
2.03 (0.080) 
NOTE: DIMENSIONS IN MILLIMETRES (INCHES). as 


The HCPL-6630 and 
HCPL-6631 parts are in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard part is HCPL-6630. | 
The product with full MIL-STD- 
883 Class Level B testing is 
HCPL-6631. These dual | 


channel devices are configured 


and function as two 
independent single channels. 
Devices are delivered with 
solder dipped terminals as a 
standard feature. Units may 
also be purchased with gold 
plated terminals.  .—_. 


Each channel contains a light 
emitting diode optically coupled 
to an inverting gate providing 
1500 Vdc electrical isolation 
between input and output. The 
output of the detector is an , 
open collector schottky clamped 
transistor. Internal shields pro- 
vide a guaranteed common 
mode transient immunity speci- 
fication of 1000 V/us at VCM = 
50 V. Selection for higher CMR 
values are available by special 
request. Contact your local HP 


field sales engineer for ordering 


information. 


8 Pin Ceramic DIP 





NOTE: 
A 0.01 TO 0.1 uF BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 





PINS 8 AND 5. 
TRUTH TABLE 
SEE NOTE 10. (POSITIVE LOGIC) 
INPUT |; ENABLE 





L 


H (on) H. 





L (off) H _—H 
H (on) L _ H 
L (off) L H 





This unique design provides — 
maximum D.C. and A.C. circuit 
isolation while achieving TTL 
circuit compatibility. The opto- 
coupler operational parameters 
are guaranteed from -55°C to | 
+125°C, such that a minimum 
input current of 10 mA per -: 
channel will sink a six gate fan- 
out (10 mA) at the output with 
4.5 to 5.5 V V,,, applied to the | 
detector. This isolation and | 
coupling is achieved with a typi- 
cal propagation delay of 55 nsec. 
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8 Pin Ceramic DIP 





NOTE: 
A 0.01 TO.0.1 uF BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 8 AND 5. 


External to the unit, a 0.01 pF 
bypass capacitor must be 'con- 
nected between V_,, and ground. 
A capacitor immediately adja- 
cent to each optocoupler is — 
necessary. The power supply — 
bus for the optocoupler(s) 
should be separate.from the bus 
for any active loads, otherwise a 
larger value of the bypass: __ 
capacitor (up to 0.1 pF) may be 
needed to suppress regenerative 
feedback via the power supply. 


20 Terminal Ceramic Leadless Chip 
Carrier Schematic 


ANODE 19 ] 
CATHODE 20 
1 

CATHODE 2 


ANODE 3 





NOTE: TRUTH TABLE 
A .01 TO 0.1 »F BYPASS CAPACITOR (POSITIVE LOGIC) 
MUST BE CONNECTED BETWEEN 
INPUT | OUTPUT 
TERMINAIS J ANDO AND L INPUT | OUTPUT 
BETWEEN 12 AND 15. H (on) L 
L (off) H 


“DETECTOR IC INTERNAL ELECTRICAL SHIELD 


Recommended Operating Conditions 


Input Current, 
Low Level 
Each Channel 
Input Current, 
High Level 
Each Channel 


Fan Out 
(TTL Load) 
Each Channel 








t 12.5 mA condition permits at least 20% CTR degradation 
guardband. Initial switching threshold is 10 mA or less. 
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Absolute Maximum Ratings 
(No derating required up to +125° C) 


Storage Temperature. ................ -65°C to +150°C 
Operating Temperature .............. -55°C to +125°C 
Junction Temperature ................ccccccseecceeeees 175°C 
Lead Solder Temperature ................ 260°C for 10s 
Peak Foward Input Current 

(each channel) ............ 40 mA (< 1 ms Duration) 
Average Input Foward Current 

(each channel) .................cccessecececeecsseseeeees 20 mA 
Input Power Dissipation 

(each channel) ...............ccsecsesssoncersessessoees 35 mW 
Reverse Input Voltage 

(each channel) 0.............cccccesecseceeseessescesessseees 5V 
Supply Voltage - V,,,.... 7 V (1 minute maximum) 
Output Current, I, (each channel) ............ 25 mA 
Output Power Dissipation 

(each channel) .......... se eesceceeseeeeseceseees 40 mW 
Output Voltage, V, (each channel).................. TV 
Total Package Power Dissipation ............ 350 mW 
Single Channel Product Only 
Enable Input Voltage - V,, ........ssccsssseeseeeeees 5.5 V 
ESD Classification HCPL-5600/01 ........... Class 1 
HCPL-5630/31 and 6630/31 


(MIL-STD-883, Method 3015) .............. Class 3° 
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Electrical Characteristics T, = -55°C to +125°C, unless otherwise specified. 


Logic High Single 
Supply Channel 
Current 

Dual 


Channel 
Logic Low 


‘Supply — 
Current 


‘Input Reverse : 
Breakdown Voltage 


Input-Output 
Leakage Current 


a i) 
en for) 


Propagation Delay Time — 
to High Output Level 


Propagation Delay Time 4 


Or 


to Low Output Level 


Common Mode 1000 ee 
Transient Immunity 

at High Output Level 

Common Mode ICM, 1} 1000 | >10000 
Transient Immunity 

at High Output Level 


Single Channel Product Only 


Low Level Enable Current 


High Level Enable Voltage 


Low Level Enable Voltage 


o=55V,V,=55V, 
oe 


Vio = 1500 Vde 
Relative Humidity = 45% 
T, = 25°C, t=5s 


R, = 510 Q, 
C, = 50 pF, 


-55 to +125°C I, = 13 mA, 


Vv, c=5V. 


-55 to +125°C 


Vou = 50 V (peak), 


T. = 25°C, V, (min.) = 2 V, 


R, =6100,1,=0mA 
Vow = 50 V (peak), 


AWA = 25°C, Ne (min.) = 0.8 V, 
R, = 510 Q, IL. =10 mA 








*All typical values are at V,, = 5 V, T, = 25°C. 


6-260 


Typical Characteristics T, = 25°C, V,, =5 V 


Input Diode Temperature AV -1.5 mV/°C 
Coefficient 


Resistance (Input-Output) 


Capacitance (Input-Output) 





Output Rise Time (10-90%) 


ive) 
on 


R, = 510Q, C, = 50 pF 
I, =13mA 


at aS 3 = 
° > "yj z 
© 


Output Fall Time (90-10%) 


ct 
laa) 
Go 
io | 


Single Channel Product Only 


Propagation Delay Time of R,, = 510Q, C, = 50 pF, 

Enable from V,,,, to V,, I, = 13 mA, V,,, = 3 V, 
VeL=0V 

Propagation Delay time of 

Enable from V,,, to Viz 





Dual Channel Products Only 


Input-Input , Relative Humidity = 45% 
Leakage Current V,.1= 500 V,t=5s 


Resistance (Input-Input) 


Capacitance (Input-Input) C4 0.55 pF f= 1 MHz 4 





Notes: 

1. Each channel of a dual channel device. 

2. Device considered a two-terminal device: for 8 pin DIP, pins 1 through 4 are shorted together, and pins 5 through 8 are 
shorted together; for LCC, terminals 19, 20, 1, 2, 3 are shorted together, and terminals 7 through 15 are shorted together. 

3. Measured between each input pair shorted together and all outputs for that channel shorted together. 

4. Measured between adjacent input pairs shorted together; i.e., for 8 pin DIP, between pins 1 and 2 shorted together and pins 
3 and 4 shorted together; for LCC, between terminals 19 and 20 shorted together, and terminals 2 and 3 shorted together. 

5. tpy,, Propagation delay is measured from the 50% point on the leading edge of the input pulse to the 1.5 V point on the 
leading edge of the output pulse. The t,, , propagation delay is measured from the 50% point on the trailing edge of the input 
pulse to the 1.5 V point on the trailing edge of the output pulse. . 

6. The HCPL-6630 and HCPL-6631 dual channel parts function as two independent single channel units. Use the single 
channel parameter limits. | 

7. CM, is the maximum rate of rise of the common mode voltage that can be sustained with the output voltage in the logic low 
state (V, < 0.8 V). CM,, is the maximum rate of fall of the common mode voltage that can be sustained with the output 
voltage in the logic high state (V,, > 2.0 V). 

8. This is a momentary withstand test, not an operating condition. 

9. It is essential that a bypass capacitor (.01 to 0.1pF, ceramic) be connected from V,,, to ground. Total lead length between 
both ends of this external capacitor and the isolator pins should not exceed 20mm. 

10. No external pull up is required for a high logic state on the enable input. | 
11. The t,,,,, enable propagation delay is measured from the 1.5 V point on the trailing edge of the enable input pulse to the 
1.5 V point on the trailing edge of the output pulse. | 
12. The t,,,,, enable propagation delay is measured from the 1.5 V point on the leading edge of the enable input pulse to the 
1.5 V point on the leading edge of the output pulse. 
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4 
2 
| 
> < 2 
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w } 
kK 
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a iv be 
io) x 2 
> > a 
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E E : 
3 z ry 
6 it 
| re = 
1 = 
s a 5 
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| 
3 
~ -40 -20 0 20 40 60 80100 120 
I: — INPUT DIODE FORWARD CURRENT — mA - | Vp — FORWARD VOLTAGE — VOLTS Ta — TEMPERATURE — °C 
Figure 1. Input-Output _ Figure 2. Input Diode Forward Figure 3. High Level Output 
Characteristics. Characteristic. Current vs. Temperature. 
n 
£ 
| 
> 
s 
vt) 
a 
2 
° 
x 
S 
ie 
a 





-40 -20 O 20 40 60 80 100120 


Ts — TEMPERATURE — °C 





Figure 4. Propagation Delay vs. 
Temperature. 






te — ENABLE PROPAGATION DELAY — ns 





G7 OUTPUT 
-40 -20 0. 20:40 60 80100120 2 . Vo _ 


T, — TEMPERATURE — °C 


and tae. 


PHL 


Figure 6. Enable Propagation Delay re Figure 5. Test Circuit for t 
vs. Temperature. 7 ae 2% PS —_ 
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OUTPUT V;_ 
0 MONITORING 
NODE 


O+5 V 


OUTPUT Vo 
O MONITORING 
NODE 


C,* 





CONDITIONS: I; = 20 mA 
lo =25 mA Ta = +125°C 


Figure 9. Single Channel Operating Circuit for Burn-In 
and Steady State Life Tests. 


INPUT 
Ve 


OUTPUT 
Vo 





Vec Voc 
+5.5V +5.5V 








O+5V. 
. 200 2 
OUTPUT Vo : 
MONITORING Ta = +126°C 
NODE = = 
CONDITIONS: = 1;= 20 mA 
(EACH CHANNEL) Io =25 mA 
2) 
io 
oO 
PULSE GEN. = Figure 10. Dual Channel Operating Circuit for Burn-In ba 5 
ey and Steady-State Life Tests. oo 
*F 
vo) 
5100 
h OUTPUT Vo ie 


© MONITORING 
0.01 pF NODE 


Voc 
BYPASS +5.5V 


+5.5V 


PULSE GEN. = 
———— 50V 
Vem / \ / 
OV Ta = +125°C 
SWITCH AT A: 1,=0 CONDITIONS: I; = 20 mA . 


5V . CM, lo =25 mA 
Vo \ j \ j 
a eee Vo (min.) 


SWITCH AT B: 1,= 10 mA — 


— 7 7 Vo (max.) 7 
Vo "a / \ z Ch, Figure 11. Operating Circuit for Burn-In and Steady State 


Life Tests. 


Figure 8. Test Circuit for Common Mode Transient 
Immunity and Typical Waveforms. 
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MIL-STD-883 Class B Clarifications: II. Quality Conformance 


Test Program I. 100% screening per MIL- Inspection per MIL-STD- 
Hewlett-Packard's 883B STD-883, Method 5004 883, Method 5005, Group A, 
Optocouplers are in compliance constant acceleration - B, C, and D. | 
with MIL-STD-883, Revision C. Condition A not E. | Group A - See table for 
Deviations listed below are | specific electrical tests. 
specifically allowed in DESC ‘ Group B - No change. 
drawing 81028 for the Group C - No change. 
equivalent H.P. Optocoupler. Group D - Constant 
Acceleration - Condition A 
Testing consists of 100% screen- | not E. 
ing to Method 5004 and qualit 3 
acy ae inspection to 7 Part Numbering System 










Method 5005 of MIL-STD-883. | 


Commercial Product Class B Product | | 


HCPL-5600 HCPL-5601 | 
HCPL-5630 HCPL-5631 
HCPL-6630 HCPL-6631 


Group A - Electrical Tests 
Quantity/Accept No. = 116/0 | 


| 7 | Single Channel : 
Single and Dual Channel Product Product. ae 


Subgroup 1 
*Static tests at T, = 25°C —V,,, 
| mam) (ere * ea | 


CCH? ' F? “1-0 
Subgroup 2 | 















BV,, low lw View Ve 


CCL? 














*Static tests at T, = +125°C —Vo.,BVw low | Tey Ve Ver 
locus Locu Ve 



















Subgroup 3 
*Static tests at T, = -55°C —V,,, 
| Pareto Dae 


F 
Subgroup 4, 5, 6, 7, 8A and 8B 
These subgroups are not applicable to this 
device type. | 





BV, I Ti View Ven 


OH? 









CCL? 
























Subgroup 9 - 
*Switching tests at T, = 25°C —t,.,, tory 
ICM,|, 1CM, | 


Subgroup 10 
*Switching tests at T, = +125°C —t,.,, tory 
Subgroup 11 
*Switching tests at T, = -55°C — toy, tory 















*Limits and conditions per Electrical Characteristics. 
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CA 


Dual Channel Line Receiver 
Hermetic Optocoupler 


Technical Data 


Features 

e DESC Standard Military 
Drawing 

e Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

¢ QML-MIL-H-38534 

¢ Hermetically Sealed 8-pin 
Dual In-Line Package 

¢ Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

« MIL-STD-883 Class B 
Testing 

e High Speed - 10 Mb/s 

¢ Accepts a Broad Range of 
Drive Conditions 

e Adaptive Line 
Termination Included. 

e Internal Shield Provides 
Excellent Common Mode 
Rejection 

¢ External Base Lend Allows 
"LED Peaking" and LED 
Current Adjustment 

¢ 1500 Vdc Withstand Test 

Voltage | 

e High Radiation Immunity 

¢ HCPL-2602 Function 
Compatibility 


Description 

The HCPL-1930, HCPL-1931, 
and 5962-8957201KC units are 
dual channel, hermetically 
sealed, high CMR, line receiver 
optocouplers. The products are 
capable of operation and storage 
over the full military tempera- 
ture range and can be pur- | 
chased as either a standard 
product (HCPL-1930), with full | 


Outline Drawing 


DATE CODE (-, SUFFIX LETTER) 










XW CERTIFICATION MARK 
usa, [CH ORG] 
4 XXXXXXXX 


TYPE NUMBER 
_ (HCPL-1930, 
1931 as 
OR5 

5957201 EC) 


PIN 1 
ESD CODE 





20.06 (.790) " 
<—$——-____. "~~ 
Ecc 20.83 (.820) 0. 51 ( 020) | 


With 


2 2.29 ( (.090) a1 .020) || 
—o| |. 229100 aS 
3.81 (.150) 

MIN. 


DIMENSIONS IN MILLIMETERS AND (INCHES). 
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4.45 (0.175) 
MAX. 


HCPL-1930 
HCPL-1931 (883B) 
5962-8957201EC 


MIL-STD-883 Class Level B 
testing (HCPL-1931), or from 
the DESC Standard Military. 
Drawing (SMD) 5962-89572 as 
(5962-8957201EC). All three 
products are sixteen pin 
hermetic dual in-line packages. 
They are normally shipped with 
gold plated leads. They are also © 
available with solder dipped - — 
leads by replacing C with A in: 





” 
oa 
oY 
6 a. 
=5 
i 
2 2 
ra) 
8.13 : <3 
(0.320) 7.37 (0.290). 
MAX. 7.87 (0.310) 
. “0.20 (.008) 
0.33 (.013) 





the SMD part #, or by adding 
option #200 to the part number 
for non-DESC parts. 


Each unit contains two indepen- 
dent channels, consisting of a 
GaAsP light emitting diode, an 
input current regulator, and an 
integrated high gain photon 
detector. The input regulator _ 
serves as a line termination for | 
line receiver applications. It 
clamps the line voltage and 
regulates the LED current so 
line reflections do not interfere 
with circuit performance. The 
regulator allows a typical LED 
current of 12.5 mA before it | 
starts to shunt excess current. 
The output of the detector IC.is 
an open collector Schottky 
clamped transistor. An enable © 
input-gates the detector. The 


internal detector shield provides 


a guaranteed common mode 
transient immunity specifica- 
tion of +1000 V/usec. 


DC specifications are compat- 
ible with TTL logic and are 
guaranteed from -55°C to 
+125°C allowing trouble-free 
interfacing with digital logic 
circuits. An input current of 10 
mA will sink a six gate fan-out 
(TTL) at the output with a 
typical propagation delay from 
input to output of only 45 nsec. 


Schematic 


TRUTH TABLE 





(POSITIVE LOGIC) 


A0.1 uF BYPASS CAPACITOR 
MUST BE CONNECTED 
BETWEEN PINS 10 AND 15 
(SEE. NOTE 1). 


The test program performed on 
the 5962-8957201EC isin 
compliance with DESC (SMD) 
5962-89572. The electrical © 
characteristics table shows 
Group A Subgroup testing 
requirements from this 
drawing. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers. List (QML) in accordance 
with requirements for MIL-H- 
38534. 





Applications | 

¢ Military/High Reliability 
Systems 

e Isolated Line Receiver 

¢ Simplex/Multiplex Data 
Transmission | 

¢ Computer-Peripheral 
Interface 

e Microprocessor System 
Interface 

e Digital Isolation for AM, 
D/A Conversion | 

e Current Sensing — 

e Instrument Input/Output | 
Isolation | 

¢ Ground Loop Elimination 

e Pulse Transformer 
Replacement 


CAUTION: The small junction sizes inherent to the design of this bipolar component increase the component’ s susceptibility to 


damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and assembly of | 


this component to prevent damage and/or degradation which may be induced by ESD. 
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Recommended Operating Conditions 





*12.5 mA condition permits at least 20% CTR degradation guardband. Initial 
switching threshold is 10 mA or less. 


Absolute Maximum Ratings 


Storage Temperature .............ccscsssccccccsssssccececeeenensesees -65°C to +150°C 
Operating Temperature ..............cccccccececceceesesseseseesenes -55°C to +125°C 
Lead Solder Temperature .............ccccceccccescececesesceeseeeeeees 260°C for 10s 
1.6 mm below seating plane 

Forward Input Current — I, (each channel).............cceseeeeees 60 mA? 
Reverse Input Current .............ssccssessseceees ed otic dasoatiesoareauiesnadal 60 mA 
Supply Voltage — Vac csistscsccsscseesnssnssncsseananins 7 V 1 Minute Maximum 
Enable Input Voltage — V,, (each channel)............ccscsessseeeeeees 5.5 V 
Not to exceed V,,, by more than 500 mV 

Output Collector Current — 1, (each channel) .......... cece 25 mA 
Output Collector Power Dissipation (each channel) ............... 40 mW 
Output Collector Voltage — V, (each channel).............cccceeeeseees 7V 
Total Package Power Dissipation ............... Pieaaaceattueateanenamtient 564 mW 
Total Input Power Dissipation (each channel).................0.. 168 mW 
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Electrical Specifications 


Voc = 5-5 V; 1, = 10 mA 
V, = 2.0 V, 
I, (Sinking) = 10 mA 


ag 
A 
wo 


ac ret 
pe 


| 
Voc = 5.5 V; I, = 0, 
V, = 0.5 V both channels 
Voc = 5-5 V; I, = 60 mA, | 
= 0.5 V both channels 


Input-Output Relative Humidity = 45% 
Insulation t=5s, | 
Leakage Current V1.9 = 1500 Vde 


b 
a) 


Propagation Delay 
Time to High R, = 510 Q; C, = 50 pF, 
Output Level I,=13 mA> | 10, 11 


Propagation Delay Le 
Time to Low —_ R, = 510 Q; C, = 50 pF, 
Output Level I,=13 mA 10, 11 


Common Mode a Voy = 50 V (peak), 

Transient ICM,,! | V, (min.) = 2 V, 9, 10, 11 1000 
Immunity at R, =510Q;1 =OmA 

High Output Level 


Common Mode Vom = 50 V (peak), 

Transient V, (max.) = 0.8 V, 9,10, 11 1000 
Immunity at R, = 510 Q;1T,=10 mA 

Low Output Level 


I, 
I, 
ty 
t 


EL 
CH 
CL 
LH 
H 


10,000 


*All typical values are at V,, = 5 V, T, = 25°C. 
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Typical Specifications 
T, = 25°C, V,, = 5 V 


Parameter 


Input-Input Insulation nA eh Relative Humidity, 
Leakage Current = 500 Vdc, t=5s 
Resistance (Input-Input) = 500 Vde 


Capacitance (Input-Input) 


Propagation Delay Time of Enable 
from V,,, to V,, 


Propagation Delay Time of Enable 
from V,,, to V4, 


Output Fall Time (90-10%) 


Input Capacitance = 


Notes: 





1. 


orm Gd 


lop) 


10. 
a 
12. 
13. 
14. 


15. 


. The t,,,, propagation delay is measured form the 6.5 mA point on the trailing edge of the input pulse to the 1.5 V point on 

. The t,,,, propagation delay is measured from the 6.5 mA point on the leading edge of the input pulse to the 1.5 V point on 

. Thet,,,, enable propagation delay is measured from the 1.5 V point on the trailing edge of the enable input pulse to the 1.5 

. The t,,,,, enable propagation delay is measured from the 1.5 V point on the leading edge of the enable input pulse to the 1.5 V 


. CM,, is the maximum tolerable rate of rise of the common mode voltage to assure that the output will remain in a high logic 


Bypassing of the power supply line is required, with a 0.1 uF ceramic disc capacitor adjacent to each isolator. The power 
supply bus for the isolators should be separate from the bus for any active loads, otherwise additional bypass capacitance 
may be needed to suppress regenerative feedback via the power supply. 

. Derate linearly at 1.2 mA/°C above T, = 100°C. 


. Each channel. 


. Device considered a two terminal device: pins 1 through 8 are shorted together, and pins 9 through 16 are shorted together. 
the trailing edge of the output pulse. 
the leading edge of the output pulse. 


V point on the trailing edge of the output pulse. 


a) 
ti 
= 
oa 

WW 

_— 
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point on the leading edge of the output pulse. 





state, Le? V ou > 2.0 V. 


CM, is the maximum tolerable rate of fall of the common mode voltage to assure that the output will remain in a low logic 
state, Le. Voy, < 0.8 V. 

Measured between adjacent input leads shorted together, i.e. between 1, 2 and 4 shorted together and pins 5, 6 and 8 
shorted together. 

No external pull up is required for a high logic state on the enable input. 

Measured between pins 1 and 2 or 5 and 6 shorted together, and pins 10 through 15 shorted together. 

Subgroups 10 and 11 shall be tested as part of device initial characterization and after design and process changes. 
Subgroup 9 shall be tested with every lot. 

Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and/883B parts receive 100% testing at 25, 125, and 
-55°C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 
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Vo— OUTPUT VOLTAGE- V 


tp— PROPAGATION DELAY— ns 


te — ENABLE PROPAGATION DELAY — ns 


Vec= 5.5 V 
Ta= 25°C 


CAN 
ert 
Cee 
OBE 















Ip— INPUT DIODE FORWARD CURRENT— mA 


Figure 1. Input-Output 
Characteristics. 





Ta— TEMPERATURE-— °C 


Figure 4. Propagation Delay vs. 
Temperature. 


Vcc = 5.0 V 
Ven =3.0V 
Ve_L=OV 





O55 -25 5 35 65 95 125 


Ta — TEMPERATURE — C 


Figure 6. Enable Propagation Delay 
vs. Temperature. 


V,— INPUT VOLTAGE- V 
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Current vs. Temperature. 
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Figure 5. Test Circuit for t,,,, and 
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Figure 7. Test Circuit for t,,, and 
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4000 


2000 


— COMMON MODE RATE OF CHANGE — V/us 








dVcm 
dt 


0 
0 200 400 600 800 1000 


Vcem— COMMON MODE TRANSIENT AMPLITUDE — V 


Figure 8. Typical Common Mode 
Transient Immunity. 


SMD 5962-8957201EC 
and MIL-STD-883 Class 
B Test Program 
Hewlett-Packard's 883B 
Optocouplers are in compliance 
with MIL-STD-883, Revision C. 
Deviations listed below are 
specifically allowed in DESC 
SMD 5962-89572 for an H.P. 
Optocoupler from the same 
generic family using the same 
manufacturing process, design 
rules and elements of the same 
microcircuit group. 


Testing consists of 100% 
screening to Method 5004 and 
quality conformance inspection 
to Method 5005 of MIL-STD- 
883. 


1931/883B 
Clarifications: 

I. 100% screening per MIL- 
STD-883, Method 5004 
constant acceleration — 
Condition A not E. 


OUTPUT Vo 
© MONITORING 
0.01uF NODE 
BYPASS 






PULSE GEN. = 


— —-—-— 50V 
Vem / \ / 
OV 


SWITCH AT A: 1) =0 
5V CMy 
Vo 


SWITCH AT B: 1; = 10mA 
— — —Vo(max.) 
% o( 
63a Neri CR 


Figure 9. Test Circuit for Common 
Mode Transient Immunity and 
Typical Waveforms. 





IT. Quality Conformance Group B — No change. 
Inspection per MIL-STD-883, Group C — No change. 
Method 5005, Group A, B, C, Group D — Constant 
and D. Acceleration — 
Group A — See Electrical Condition A not E. 

Characteristics 
Table. 
Part Numbering System 
Commercial Product | Class B Product SMD Product 
HCPL-1930 HCPL-1931 5962-8957201EC 
Vec Vout 
+5.5V +2.6V 





Ta =+125°C 


CONDITIONS: 1;= 30mA 
to= 10 mA 
Vec=5.5V 


Figure 10. Burn In Circuit. 
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Application Circuits* 


0 +5V = 
HCPL-1930/31 


748140 








oY 


Lt 





O +5V 


PROPAGATION DELAY TIMES SHOWN EXCLUDE DRIVER AND LINE DELAYS. 


Figure A,, Polarity Non-Reversing. 


HCPL-1930/31 


Co V2 9614 zs er ¢ TXV1N5711 1 
1 BELDEN 9773 
a C2] Kare. 
vin} ol | 7 Lb 33H) 
> a Sy ana 
/'p 


O +5V 


FLIP F 
LIP FLOPL 4 your 











gia al UNITS 


“OPEN | nec _ 
rnsee 





54 395 | 490 |CLOSED|CLOSED 


PROPAGATION DELAY TIMES SHOWN EXCLUDE DRIVER AND LINE DELAYS 
USING 1/3 74LSO4 INVERTERS AND 74LS00 QUAD NAND 


Figure A,. Polarity Reversing, Split Phase. 


NAND flip flop tolerates 

[ simultaneously HIGH 
meta a ee : inputs; NOR flip flop 

NOR FLIP FLOP tolerates simultaneously 

LOW inputs; EXCLUSIVE- 

OR flip flop tolerates 

simultaneously HIGH OR 

LOW inputs without 

causing either of the 

outputs to change. 






Cet aa ee 





EXCLUSIVE-OR FLIP FLOP 
*FOR A DESCRIPTION OF THESE CIRCUITS SEE HCPL-2602 DATA SHEET. 


Figure A,. Flop-Flop Configurations. 
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(A) packanp 





Hermetically Sealed Four 
Channel Low Input Current 


Optocoupler 
Technical Data 


Features 

e DESC Standard Military 
Drawing 

e Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

¢ QML-MIL-H-38534 

¢ Hermetically Sealed 8-Pin 
Dual In-Line Package 

¢ Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

e MIL-STD-883 Class B 
Testing 

e Internal Shield for Higher 
CMR 

¢ Low Input Current 
Requirement: 0.5 mA 

¢ High Current Transfer 
Ratio: 1500% Typical 

¢ Low Output Saturation 
Voltage: 0.1 V Typical . 

e Low Power Consumption 

e 1500 VDC Withstand Test 
Voltage 

¢ High Radiation Immunity 

¢ 6N138/9, HCPL-57XX, 67XX 
Function Compatibility 


Applications 

e Military/High Reliability 
Systems 

¢ Isolated Input Line 
Receiver 


6N140A 
6N140A/883B 
8302401EC 


¢ System Test Equipment 
Isolation 


¢ Digital Logic Ground 
Isolation 


e EIA RS-232C Line Receiver 

e Microprocessor System 
Interface 

e Current Loop Receiver 

¢ Level Shifting 

e Process Control Input/ 
Output Isolation 


Schematic 


“2 
Gi 
= 
ao 
rr 
 - 





_ OPTOCOUPLERS 


Outline Drawing 





TYPE NUMBER | ; 


(6N140A, 6N140A/883B, -020 (.008) 
OR 8302401EC) 0.33 (.013) 


PIN 1 





CERTIFICATION MARK 
(-, CH, OR Q) 


| “ 20.06 (.790) 


20.83 (.820) 





0.51 (.020) 
MIN. \ 








a ee PLES meee 
FFT TS | 4.45 (.175) 
| | ij 
| 2.29 (,090) 0.51 (.020) 
: . 2.79 (.110) MAX. |e 
3.81 (.150) 
MIN. 





DIMENSIONS IN MILLIMETERS AND (INCHES). 
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Description 


The 6N140A is an EIA 
registered hybrid microcircuit 
which is capable of operation 
over the full military tempera- 
ture range from -55°C to +125°C 
and is electrically and function- 
ally identical to the 6N140 part. 
It is an advanced replacement 
unit for the 6N140. The better 
performance results from an. 
improved integrated bypass 
resistor which shunts photo- 
diode and first stage leakage 
currents. All products within 
this family have this advanced 
feature and can be purchased as 
either a standard product 


~(6N140A), with full MIL-STD- 


883 Class Level B testing 
(6N140A/883B) or as parts 
compliant to DESC Drawing 
83024 as (8302401EC). All parts 
are normally shipped with gold 
plated leads. They are also 
available with solder dipped 
leads by replacing C with A in 
the DESC part number, or by 
adding Option 200 to the part 
number for non-DESC parts. 


All three products are in 
sixteen-pin hermetic dual in- 
line packages. Each part 
contains four GaAsP light 
emitting diodes, each of which is 
optically coupled to a — - 
corresponding integrated high 
gain photon detector. The high 
gain output stage features an 
open collector output providing 
both lower output saturation | 
voltage and higher speed 
operation than possible with 
conventional photodarlington 
type optocouplers. Also, the 
separate V,, pin can be strobed 
low as an output disable or 
operated with supply voltages 
as low as 2.0 V without 
adversely affecting the 
parametric performance. 


The high current transfer ratio 
at very low input currents 


permits circuit designs in which | 
adequate margin can be allowed 


for the effects of CTR 
degradation over time. 


These products have a 300% 


- minimum CTR at an input 


current of only 0.5 mA making 


-it ideal for use in low input 


current applications such as 
MOS, CMOS and low power 
logic interfacing or RS-232C 
data transmission systems. 
Compatibility with high voltage 


CMOS logic systems is assured 


by the 18 V V,, and by the 
guaranteed maximum output 
leakage (IOH) at 18 V. The 


_ Shallow depth of the IC photo- 
- diode provides better radiation 
immunity than conventional 


phototransistor optocouplers. 


The test program performed on 
the 8302401KC is in compliance 
with DESC Drawing 83024. The: 
electrical characteristics table 
shows Group A Subgroup testing 
requirements from this drawing. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements for MIL-H 
38534. oa 


Recommended Operating Conditions 






Sombal 
Input Voltage, Low Level | 
(Each Channel) V nore Vv 


Input Current, High Level oo 
(Each Channel) 0.5 mA — 


[Supply Voltage | Vs | 20 | 8 | | 







[Min [ Max. [Units 


Absolute Maximum Ratings 


Storage Temperature Range ........ 
Operating Temperature................ 
Lead Solder Temperature ............. 
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Bia itemise ete etna -65°C to +150°C 
sides dunut Aiencueccuenenaes -55°C to +125°C 
dad sea asrhaunesstumeusentuacees 260°C for 10s 


(1.6 mm below seating plane) 


Output Current, I, (each channel)... cece ceesseeees se duusueeaisee 40 mA 

_ Output Voltage, V, (each channel) ............... becbictenaeshset -0.5 to 20 V4 
Supply Voltage ,Vog -.sseeee sdekeuiaradacdasi te ea eeeaee ag hiees -0.5 to 20 Vi 
Output Power Dissipation (each channel) ....................20062--50 mW! 
Peak Input Current (each channel, < 1 ms duration)............... 20 mA — 
Average Input Current, I, (each channel) ..0........ eee LO MASI 
Reverse Input Voltage, V, (each channel) .........eeececeeeeetereeeee DV 


Electrical Characteristics 















Group A") 
Sub- 






Parameter Sym. Test Conditions 





I, = 0.5 mA, V, = 0.4 V, 
Voc = 4:5 V 













Current Transfer h 


‘Ratio 


I, = 1.6 mA, V, = 0.4 V, 
Vocg = 4:5 V 


* 
F(CTR) 


I, = 5 mA, V, =04 V, 
Wet =4.5V 












I, =0.5 mA, I, = 1.5 mA, 


F OL 


Voc = 4:5 V 






Logic Low 
Output Voltage 





I,=5mA,I,, = 10 mA, 
Voge = 4:5.V 









Logic High 
Output Current 


Logic Low Supply le | ,=1,, = 13 =1,, = 1.6 mA, 
Current Vocg = 18 V> . 
Logic High Supply 
Current — : 


Input Forward 
Voltage 
















Input Reverse 
Breakdown Voltage | 


Input-Output 45% Relative Humidity, 
Insulation — T = 25°C, t=5s, 
Leakage Current V..9 = 1500 VDC 








© 


I, = 0.5 mA, R, = 4.7 kQ, 
Propagation Delay Vocg = 5.0 V 
Time To Logic High 
At Output 







I, = 5 mA, R, = 680 Q, 
Vac =5.0V 








io 


I, = 0.5 mA, R, = 4.7kQ, 
Propagation Delay Voc = 5.0 V 
Time To Logic Low 

At Output I, = 5 mA, R, = 680 Q, 
Veg = 5.0 V 












o 















Common Mode Transient 
Immunity At Logic 
High Level Output 


I, = 0, R, = 1.5 kQ 
Vou! = 25 Vip 
Voc =5.0V 












Common Mode Transient 
Immunity At Logic 
Low Level Output 


*JEDEC Registered Data. 


**All typical values are at V,, = 5 V, T, = 25°C. 6-275 


I, = 1.6 mA, R, = 1.5 kQ 
Voy! = 25 V, 
Voc = 5.0 V 


< < = a 





HERMETIC 
OPTOCOUPLERS 


Typical Characteristics | 
T, = 25°C, V., = 5 V Each Channel — 


V,.o = 500 VDC, T, = 25°C 


Input-Input Insulation | 45% Relative Humidity, Vi: = 500 VDC 
Leakage Current T, = 25°C,t=5s 


A 





Temperature | Coefficient 
of Forward Voltage 


Notes: : . “3 i 

1. Pin 10 should be the most negative voltage at the detector side. Keeping V,, as low as possible, but greater than 2.0 volts, 
will provide lowest total I,,, over temperature. oat F : os 

2. Output power is collector output power plus one fourth of total supply power. Derate at 1.66 mW/°C above 110°C. . 

3. Derate I, at 0.33 mA/°C above 110°C. ; pap RS 

4. Each channel. . | Vs 

5. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, I,, to the forward LED input current, I,, 
times 100%. 

6. I,,,, is the leakage current resulting from channel to channel optical crosstalk. I, = 2 wA for channel under test. For all other 
channels, I,, = 10 mA. . 


. Device considered a two-terminal device: Pins 1 through 8 are shorted together and pins 9 through 16 are shorted together. 
. Measured between the LED anode and cathode shorted together and pins 10 through 15 shorted together. 

. CM,, is the maximum tolerable common mode transient to assure that the output will remain in a high logic state (i.e., V, > 
2.0 V). 
10. CM, is the maximum tolerable common mode transient to assure that the output will remain in a low logic state (i.e., Vo< 

0.8 V). . 


11. In applications where dV/dt may exceed 50,000 V ps (such as a static discharge) a series resistor, R,,, should be included to 
protect the detector ICs from destructively high surge currents. The recommended value is 


1V 


Roe 
°° 0.6 I, (mA) 
12. This is a momentary withstand test, not an operating condition. 
13. Measured between adjacent input pairs shorted together, i.e., between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together, etc. . . . 
14. Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and /883B parts receive 100% testing at 25, 125, and 
-55°C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). | | 
15. Subgroups 10 and 11 shall be tested as part of device initial characterization and after design and process changes. 


Subgroups 10 and 11 shall be guaranteed to the limits specified in Table I for all lots not specifically tested. Subgroup 9 shall 
be tested with every lot. 


coon 
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te — FORWARD CURRENT mA 





1.10 1.20 1.30 1.40 1.50 


Ve — FORWARD VOLTAGE V 


Figure 1. Input Diode Forward 
Current vs Forward Voltage. 


NORMALIZED TO: 
CTR AT Ie = 0.5 mA 


Ta = 100°C 


CTR — NORMALIZED CURRENT TRANSFER RATIO 





I¢ — INPUT DIODE FORWARD CURRENT mA 


Figure 3. Normalized Current 
Transfer Ratio vs Input Diode 
Forward Current. 


Vec =5V 
Ta = 25°C 
WIDTH = 50 us 


ip =0.5 mA, Ry =4.7kO 
= ip =1.6 mA, RL =1.5k2 
w== [¢ =5.0 mA, Ri = 680 2 





tpy_ — PROPAGATION DELAY TO LOGIC LOW us 


0.1 1.0 10 100 
T — INPUT PULSE PERIOD ms 


Figure 5. Propagation Delay to 
Logic Low vs Input Pulse Period. 


6-277 


lo — NORMALIZED OUTPUT CURRENT 


Icc — NORMALIZED SUPPLY CURRENT | 


tp — PROPAGATION DELAY us 


~~... 


NORMALIZED TO: 
lo AT If = 0.5 mA, 
Vo =0.4V 


le =0.5 mA 


Vo — OUTPUT VOLTAGE — V 


Figure 2. Normalized DC Transfer 
Characteristics. 


10 


NORMALIZED TO: 
0.1 Iec AT lp = 1.6mA 

(ALL CHANNELS) 

Vec = 18 V 

Ta = 25°C 


01 
0.1 1 10 


Ig — INPUT DIODE FORWARD CURRENT mA 


Figure 4. Normalized Supply 
Current vs Input Diode Forward 
Current. 


Ip =0.5 mA, Re = 4.7 kQ 
Ip = 1.6MA, Ry = 1.5 k2 
ig =5.0mA, Rx, =.680 2 


Fal 
@ 
— 
| 
= 
iim 
| atl 
meat 





fest dee Sd 
4 0.8 1.2 1.6 


2.0 








20 


-60 -40 -20 0 20 40 60 80100120 «-. 


Ta — TEMPERATURE °C 


Figure 6. Propagation Delay vs 
Temperature. 
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OPTOCOUPLERS 





PULSE WIDTH = 50 us: 


—PERIOD = 10 ms 


tp — PROPAGATION DELAY us . 





0 2 4 6 8 10 12 
lg — INPUT DIODE FORWARD CURRENT mA 


Figure 7. Propagation Delay vs 
Input Diode Forward Current. 





SWITCH AT A: I¢= OmA 


PULSE GEN. 


Vo ne, VoL 


SWITCH AT B: Ip= 1.6mA_ ** SEE NOTE 11. 


Figure 9. Test Circuit for Transient Immunity and Typical Waveforms. 
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24-V 
a F 









Vec-Ve-ie R 
< CC SF UF 2 


te + Leak 


R2 MAY BE OMITTED IF_ E> 
ADDITIONAL FANOUT 


1 
\ 
IS NOT USED. L. 


Figure 10. Recommended Drive 
Circuitry Using TTL Open- 
Collector Logic. 


SMD 8302401EC and 
MIL-STD-883 Class B 
Test Program 
Hewlett-Packard's 883B 
Optocouplers are in compliance 


with MIL-STD-883, Revision C. 


Deviations listed below are 
specifically allowed in DESC 
drawings 83024 for an H.P. 
Optocoupler from the same 
generic family using the same 
manufacturing process, design 
rules and elements of the same 
microcircuit group. 


Testing consists of 100% 
screening to Method 5004 and 
quality conformance inspection 
to Method 5005 of MIL-STD- 
883. 


6N140A/883B Clarifications: 


I. 100% screening per MIL- 
STD-883, Method 5004 
constant acceleration— 
condition A not E. 

IT. Quality Conformance 
Inspection per MIL-STD-883, 
Method 5005, Group A, B, C, 
and D. 


Group A-See Electrical 
Characteristics Table. 

Group B—No change. 

Group C-—No change. 

Group D-Constant 
Acceleration—Condition A 
not E. 


Part Numbering System 


Commercial Product Class B Product 
6N140A vo 6N140A/883B 







SMD Product 


8302401EC 








200 2 —— Vec + 18 V Voc + 2.4V 
| Se 





CONDITIONS: Ip =5mA 
lo =10mA 
Vcc = 18 V 


Figure 11. Operating Circuit for Burn-In and Steady State Life Tests. 
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OPTOCOUPLERS 





Low Input Current, High | 
Gain, Hermetically ‘Sealed 


Optocoupler | 
‘Technical Data 


Features 


e DESC Standard Military 
Drawing 


¢ Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

¢ QML-MIL-H-38534 

e Hermetically Sealed 
Packages 

¢ Performance Guaranteed 
Over -55°C to +125°C 
Ambient apeeacare 
Range | 

e MIL-STD-883 Class B 
Testing 

¢ Low Input Current 
Requirement: 0.5 mA 

¢ High Current Transfer 
Ratio: 1500% Typical 

¢ Low Output Saturation 
Voltage: 0.11 V Typical 

¢ 1500 Vdc Withstand Test 
Voltage 

¢ Low Power Consumption 

¢ High Radiation Immunity 

e Function Compatibility 
with 6N138/9, HCPL-2730/ 
31, and 6N140A 

¢ 2-18 Volt V., Range 


Applications 

e Military/High Reliability 
Systems 

¢ Telephone Ring Detection 


-¢ Microprocessor System 
-. Interface 


_ © EIA RS-232-C Line 


Receiver 


_ © Level Shifting 


Outline Drawings 


8-PIN CERAMIC DUAL IN-LINE PACKAGE 


DATE 


(—, SUFFIX LETTER) 






A}... — TYPE NUMBER 
SINGLE CHANNEL 

(HCPL-5700, 
5701/883B OR 
5962-8981001PC) 

DUAL CHANNEL 
(HCPL-5730, 
5731/883B OR 
5962-8978501PC) 


CERTIFICATION MARK 
H, OR Q) 


9.40 (0.370) 
9.90 (0.390) 0.51 (0.020) 
MIN. 
EES EE ED 
Dc tape eLinind canine 4.32 (0.1 70) 
Vy MAX. 


lt 


29 (0. 990) 0.51 as 020) 
2 79 (0. 
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HEWLETT 
PACKARD 


Uz 





8-pin Dual In-Line peepee 
HCPL-5700 
HCPL-5701 (883B) 
5962-8981001PC 
HCPL-5730 
HCPL-5731 (883B) 
5962-8978501PC 
20 Terminal Leadless Chip 
Carrier 
HCPL-6730 
HCPL-6731 (883B) 
5962-89785022A 


e Digital Logic Ground 
Isolation 


¢ Current Loop Receiver 

¢ Isolated Input Line _ 
Receiver | 

e System Test Equipment 
Isolation 

¢ Process Control Input/ 
Output Isolation 


7.37 (0.290) 
7.87 (0.310) 


0.20 (0.008) 
0.33 (0.013) a 















HCPL-5730 
HCPL-5731 
5962-8978501PC 


HCPL-5700 
HCSPL-5701 
5962-8981001PC 


DIMENSIONS IN MILLIMETERS AND (INCHES). 


20 Terminal Ceramic Leadless Chip Carrier 


1.27 (0.050) aoe (cise) 
19 PLCS 1.78 (0.070) ; ; : 
Gane 3 (0.080) i | 1.02 (0.040) (3 PLCS) 
1 





8.70 (0.342) 


9.10 (0.358) 





(20 PLCS) 


NOTE: DIMENSIONS IN MILLIMETRES (INCHES). 


SOLDER THICKNESS 0.127 (0.005) MAX. 


Description 

The HCPL-5700, HCPL-5701, 
and 5962-8981001PC are single 
channel, low input current, high 
gain optocouplers. The HCPL- 
5730, HCPL-5731 and 5962- 
8978501PC are dual channel 
units made from the same chip 
sets. All six products are in 
eight pin hermetic dual in-line 
packages. These units are 
capable of operation and storage 
over the full military 
temperature ranges and can be 
purchased as either single or 
dual channel standard product 
(HCPL-5700 and HCPL-5730 
respectively), with full MIL- 
STD-883 Class Level B testing 
(HCPL-5701 and HCPL-5731 
respectively), or from the DESC 
Standard Military Drawings 
(SMDs) 5962-89810 and 5962- 
89785 as (5962-8981001PC or 
5962-8978501PC respectively). 
All parts are normally shipped 
with gold plated leads. They are 
also available with solder 
dipped leads by replacing C 
with A in the SMD part 
number, or by adding Option 
200 to the part number for non- 
SMD parts. 


J IDENTIFIER 





0.64 nae = 



















1.14 (0.04 
7.40 (0. 
oe Z 


TERMINAL 1 


SUFFIX LETTER 








DATE CODE 


2.16 (0.085) 
ESD CODE 
0.20 (0.008) 


RAD. TYP. 
(20 PLCS) 


CERTIFICATION MARK 
(-, CH, OR Q) 


TYPE NUMBER 
(HCPL-6730, 
67318838 OR 
5962-89785022A) 





x METALIZED CASTILLATIONS 


| asi L+—o.51 (0.020) 5A kee | 


1.52 (0.060) 
2.03 (0.080) 


a 





| 

| 
ANODE —= | 
| 
- ¥ - 
CATHODE o | 
3 | 
| 
| 
| 
| 


8 PIN CERAMIC DIP SINGLE CHANNEL SCHEMATIC 


o.- ‘le 
+ 


ley 
a 


1 





8 PIN CERAMIC DIP DUAL CHANNEL SCHEMATIC 


Vec 
18 #17 #16#=#«15 «#14 


ANODE 19 


+ 
CATHODE 20 





GND Vo 


20 TERMINAL CERAMIC LEADLESS CHIP CARRIER SCHEMATIC 
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The HCPL-6730, HCPL-6731, 
and 8962-89785022A are dual 
channel parts in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard part is HCPL-6730. 
The product with full MIL-STD- 
883 Class Level B testingis — 
HCPL-6731. The DESC SMD. 
part is 5962-89785022A. All | 
three products are configured | 
and function as two independ- 


ent single channels. Devices are. 


delivered with solder dipped 
terminals as a standard feature. 
Units may also be purchased 
with gold plated terminals. 


All devices are manufactured 
and tested on a MIL-STD-1772 
certified line and are included in 
the DESC Qualified Manufac- . 
turers List (QML) in accordance 
with requirements for MIL-H- 
38534. 


Each channel contains a GaAsP 
light emitting diode optically 


coupled to an integrated high 
gain photon detector. The high 


gain output stage features an 
open collector output providing 
both lower saturation voltage 
and higher signaling speed than 


possible with conventional 
‘photo-Darlington optocouplers. 


The supply voltage can be 
operated as low as 2.0 V without 
adversely affecting the 
parametric performance. — 


These devices have a 300% 
minimum CTR at an input 
current of only 0.5 mA making 
them ideal for use in low input 
current applications such as 


‘MOS, CMOS, low power logic 


interfaces or line receivers. 


Recommended Operating Conditions 


Input Voltage, Low Level 
(Each Channel) 


Input Current, High Level 
(Each Channel) 


Supply Voltage 


Absolute Maximum Ratings _ 
Lieseaidusebensossnasseeures -65°C to +150°C 


Storage Temperature Range ......... 

Operating Temperature ...............cccccccesssssencereesceeceees -55°C to +125°C 
Lead Solder Temperature .............. sasieaednsle hus so piewoeneaans 260°C for 10s. 
Output Current, I, (each channel) .......... cscs 40 MA 
Output Voltage, V, (each channel) .............csssseeeseeee 0.5 to 20 Vl 
Supply Voltage ,V pecieesssccossesoassavsersssasonrsorsasens’ Seat aieis severe -0.5 to 20 VO 
Output Power Dissipation (each channel) ....... snedususcasensedocets 50 mW"! 
Peak Input Current (each channel, < 1 ms duration).............:. 20 mA 
Average Input Current, I, (each channel) ............ Be aastesteceteeet 10 mA®! 





Reverse Input Voltage, V,, (each channel) ..............sssceeeeseees aunOV 
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Compatibility. with high voltage 
CMOS logic systems is assured 
by the 18V VCC, VOH current 
and the guaranteed maximum . 
output leakage current at 18 V. 
The shallow depth and small 
junctions offered by the IC 
process provides better 
radiation immunity than. 
conventional phototransistor 
optocouplers. | | 


Upon special request, the 
following device selections can 
be made: CTR minimum of up to 
600% at 0.5 mA, lower drive 
currents to 0.1 mA, and lower 
output leakage current levels to 


100 pA. 


Electrical Characteristics T, = -55°C to +125°C, unless otherwise specified 


Group Alta) 
Test Conditions Subgroups 


I, = 0.5 mA, V, = 0.4 V, 
Voc 24:5 V 

CTR | I, = 1.6 mA, V, =0-4 V, 
Voc = 4:5 V 
I, = 5 mA, V, =0.4 V, 
Veg = 4.5 V 






















Parameter 















= 





Current Transfer 
Ratio 


2 
EE 


t = ae i Do ad 
rom) oo co Q | j=) KS 


-— 
o 
ps 
(oN) 


I, = 0.5 mA, I, = 1.5 mA, 0.11 
Voc = 4:5 V 

Logic Low 

Output Voltage I, = 16 mA, I, =4.8 mA, 0.13 
Voc = 4:5 V 
I, = 5.0 mA, I, = 10 mA, 0.16 


Voc = 4.5 V 





I, = 2 pA (Channel Under 
Test) 

I, = 10 mA (Other Channel) 
Vo = Veg = 18 V 


Single I, = 1.6 mA, V,, = 18 V 
Channel 

| a 
Dual Be = 1.6 mA, 
Channel =18V 







Logic High 


Output Current 0.001 





Logic Low 


Supply 
Current 








oO 


Logic High 
Supply 
Current 


Single I,=0,V,,=18V 
Channel 

Dual 
Channel 








7p: = 9, Vg = 18 V 


for) 


= 
ta 
= 
om 
wr) 
x 


eS 


OPTOCOUPLERS 











Input 
Forward 
Voltage 


ae 
a 





* 


Zz 
~ a — rs r=) 







Input-Output 
Insulation 
Leakage Current 


45% Relative Humidity, 
t= 5s, V,, = 1500 Vdc 





m 
ro) yan) 


- © - 
ihe s 

So =) 
> re 





*All typical values are at V,, = 5 V, T, = 25°C. 
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Electrical Characteristics (continued) 


. 8? | ary. 3 Group A! 
Parameter _. Sym. | = Test Conditions — | Subgroups 7 -Notes 


I, =.0.5 mA, R, = 4.7 kQ, 
Voc = 5 V 













Propagation Delay | ft : 7 a. 
Time to Logic High ‘| I, =1.6 mA, R, = 1.5 kQ, 9, 10, 11 
at Output Veg = 5V : 


I, = 5.0 mA, R, = 680 Q, 
1 Veg = 5 V 


I, = 0.5 mA, R, = 4.7 kQ, 
: Voc = 5V | 
Propagation Delay a 2 
Time to Logic Low ,= 16 mA, R, = 1.5 kQ, 9, 10, 11 
at Output Veg =5V a 
ae = 5.0 mA, R,, = 680 Q, 
Vog = SV 


Common Mode Transient I, =0,R, = 1.5 kQ 
Immunity at Logic _ IV! =50V,,, 
High Level Output V ce = 5.0 V 


Common Mode Transient I, = 1.6 mA, R, = 1.5 kQ 
Immunity at Logic Voy! = 50 V. 


9, 10, 11 
Low Level Output Voc = 5.0V Se 


P-P? 
*All typical values are at V,, = 5 V, T, = 25°C. 


Typical Characteristics 
T, = 25°C, V..=5 V 


| Parameter Symbol __ Test Conditions _| Figure | Note | 
Resistance (Input-Output) Pr Reg 1-208 | ao | Vio = 500 Vde Ee 4,8 

















AV, : a |b 


Temperature Coefficient of 
mv/°C 


Q 

pF 
Forward Voltage | ny 8. 

np apace a 


Dual Channel Product Only 


















45% Relative Humidity, 
V1 = 500 Vde » . 
T, = 25°C, t=5s 


Input-Output Insulation Leakage 
Current Bde | 


Resistance (Input-Input) | Ry | 10% | Q 
Capacitance (Input-Input) pF 
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Notes: 


1. 


Gut he 6 wd 


oO 


10. 


11. 


12. 


13. 
14. 


15. 


16. 


GND Pin should be the most negative voltage at the detector side. Keeping V,,. as low as possible, but greater than 2.0 V, 
will provide lowest total I, ,, over temperature. 


. Output power is collector output power plus total supply power for the single channel device. For the dual channel device, 


output power is collector output power plus one half the total supply power. Derate at 1.66 mW/°C above 110°C. 


. Derate I, at 0.33 mA/°C above 110°C. 
. Each channel. 
. CURRENT TRANSFER RATIO is defined as the ratio of output collector current, I, to the forward LED input current, I,, 


times 100%. 


- Ionx i8 the leakage current resulting from channel to channel optical crosstalk. I, = 2 yA for channel under test. For all other 


channels, I, = 10 mA. 


. Device considered a two-terminal device: For 8 pin DIP, pins 1 through 4 are shorted together, and pins 5 through 8 are 


shorted together; for LCC, terminals 19, 20, 1, 2, 3 are shorted together, and terminals 7 through 15 are shorted together. 


. Measured between each input pair shorted together, and all outputs for that channel shorted together. 
. Measured between adjacent input pairs shorted together; i-e., for 8 pin DIP, between pins 1 and 2 shorted together and pins 


3 and 4 shorted together; for LCC, between terminals 19 and 20 shorted together, and terminals 2 and 3 shorted together. 
CM,, is the maximum tolerable common mode transient to assure that the output will remain in a high logic state (i.e., V, > 
2.0 V). 

CM, is the maximum tolerable common mode transient to assure that the output will remain in a low logic state (i.e., V, < 
0.8 V). 

In applications where dV/dt may exceed 50,000 V/us (such as a static discharge) a series resistor, R,,, should be included to 
protect the detector ICs from destructively high surge currents. The recommended value is 


R_«.-_1V__ 
cc” 075 I, (mA) 


for single channel; 
1V 


Rie 
cc "0.3 I, (mA) 


for dual channel. 

This is a momentary withstand test, not an operating condition. 

Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and /883B parts receive 100% testing at 25, 125, and 
-55°C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 

Subgroups 10 and 11 shall be tested as part of device initial characterization and after design and process changes. 
Subgroups 10 and 11 shall be guaranteed to the limits specified in Table I for all lots not specifically tested. Subgroup 9 shall 
be tested with every lot. 

The HCPL-6730 and HCPL-6731 dual channel parts function as two independent single channel units. Use the single 
channel parameter limits. 


© 
ti 
= 
x 
Lal 
x 
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NORMALIZED TO: 
lo AT le = 0.5 mA, 
Vo = 0.4V 


{¢ - FORWARD CURRENT mA 
to — NORMALIZED OUTPUT CURRENT 





Ve - FORWARD VOLTAGE V : Vo — OUTPUT VOLTAGE V 
Figure 1. Input Diode Forward Current vs. Forward Figure 2. Normalized DC Transfer Characteristics. 


Voltage. 
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10.0 


NORMALIZED TO: 
CTRAT Ip =0.5mA 


1.0 


0.1 NORMALIZED TO: 
!oc AT Ip = 1.6mA 
Vee = 18'V 
Ta = 25°C 


Icc — NORMALIZED SUPPLY CURRENT 





"05. 1. B. AO har me. ae Or °° 10 10 100 


CTR — NORMALIZED CURRENT TRANSFER RATIO 





Ip —INPUT DIODE FORWARD CURRENT mA a ip — INPUT FORWARD CURRENT mA 


Figure 3. Normalized Current Transfer Ratio vs. Input —- Figure 4: Normalized Supply Current vs. Input Diode - 





Diode Forward Current. Forward Current. 
_ Vec = 5 V 
Ta = 25°C 
° : Ip = 0.5 mA, Ry = 4.7k2 
IOTH =1 F mA, Rv : 7 
3 ee ' Ip = 1.6mA, Rp = 15k22 
Oo a Ip = 5.0 mA, Ry = 680 8? 
° > 
5 < 
© i 
> Ge, 
2. 
z 3 
a q 
2 Qg 
Q < 
q 5 
a = 05 
= 1.6 2 
a =5.0 
Woe ; 
" 
Ea 
= -60'-40 -20 0 20 40 60 80 100 120 
T — INPUT PULSE PERIOD ms Ta — TEMPERATURE °C 
Figure 5. Propagation Delay to Logic Low vs. Input Figure 6. Propagation Delay vs. Temperature. 


Pulse Period. 


Rin = 200 22 
PULSE WIDTH =1 ms 
PERIOD = 10 ms 


tp — PROPAGATION DELAY us © 





te — INPUT DIODE FORWARD CURRENT mA 


Figure 7. Propagation Delay vs. Input Diode Forward 
Current. 
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Rec* 56 0 






ls MONITOR © 


Rm 


*SEE NOTE 12. 


*SEE NOTE 12. 


Figure 8. Switching Test Circuit. 





Rcc* 660 


O+6V 





*See Note 12. PULSE GEN. = * SEE NOTE 12 _ PULSE GEN. _ = 





Vom 50 V => 


90% 90% 







ty 


Figure 9. Test Circuit for Transient Immunity ' pete ae a ot, 
and Typical Waveforms. | ; ty, te = 80 ns 


SWITCH ATA: I, =OmA 


TERN, 
Vo Vor 


’ SWITCH ATB: I, = 1.6mA 
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Vo" 


© 
ta 
= 
co 
Lad 
= 


OPTOCOUPLERS 





 2.4-Ve 

R2 = a a 
F 

Vec- Ve - te R2 
le + LEAK 


R > MAY BE OMITTED IF ae 


ADDITIONAL FANOUT 
1S NOT USED 


Figure 10. Recommended Drive Circuitry Using TTL Open-Collector Logic. 


SMD 5962-8981001PC 
SMD 5962-8978501PC 
SMD 5962-89785022A 
and MIL-STD-883 
Class B Test Programs 
Hewlett-Packard's 883B. 
Optocouplers are in compliance 
with MIL-STD-883, Revision C. 
Deviations listed below are 
specifically allowed in DESC 
SMDs 5962-89810 and 5962- 
89785 for Hewlett-Packard 
Optocouplers from the same 


generic families using the same 


manufacturing processes, 
design rules and elements of the 
same microcircuit groups. 


Testing consists of 100% 
screening to Method 5004 and 


quality conformance inspection _— 


to Method 5005 of MIL-STD- 
883. 


Clarifications: 


I. 100% screening per MIL- 
STD-883, Method 5004 | 
constant acceleration— 






eee eee em meee ern ome 


Condition A not E. 

II. Quality Conformance 
Inspection per MIL-STD-883, 
Method 5005, Group A, B, C, 
and D. 

Group A—See Electrical 
Characteristics Table. 

Group B—No change. 

Group C—No change. 

Group D—Constant 
Acceleration—Condition A 
not E. 


Part Numbering System 


HCPL-5730 5962-8978501PC 










SMD Product 





Veco +18 V- 
ees 

. Voc 

¢ i.) 







: 400 £2 TYP. 100 2 TYP. 


CONDITIONS: t;=5 mA 
lo =10mA 


Ta = +125C 


Figure 11. Single Channel Operating Circuit for Burn-In and Steady State © 
Life Tests. | | 


Vec +18 V9 







100 22 TYP. 





CONDITIONS: If =5mA 


—= (EACH CHANNEL) Io = 10mA — Ta = +125 C 


Figure 12. Dual Channel Operating Circuit for Burn-in and Steady State 
Life Tests. 
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Vec =+18V . 
e 







CONDITIONS: Ir =5mA 
lo =10mA 








Ta = +125 °C 100 2 TYP. 


Figure 13. Operating Circuit for Burn-in and Steady State Life Tests. 


= 
to 
= 
& 
rr 
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(A) packarp 
AC/DC to Logic Interface 
Hermetically Sealed 
Optocouplers | 
Technical Data 
HCPL-5760 
HCPL-5761 (883B) 
5962-8947701PC 


Features 


e DESC Standard Military 
Drawing 


e Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

° QML-MIL-H-38534 

e Hermetically Sealed 8-pin 
Dual In-Line Packages 

e Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

e MIL-STD-883 Class B 
Testing 

e acor de Input 


¢ Programmable Sense 
Voltage 


e Hysteresis 

¢ HCPL-3700 Operating 
Compatibility 

¢ Logic Compatible Output 


e 1500 Vdc Withstand Test 
Voltage 


e Thresholds Guaranteed 
Over Temperature 


¢ Thresholds Independent of 
LED Characteristics 


Applications 

¢ Military/High Reliability 
Systems 

e Limit Switch Sensing 

¢ Low Voltage Detector 

¢ ac/dc Voltage Sensing 

¢ Relay Contact Monitor 


«¢ Microprocessor Interface 


e Relay Coil Voltage Monitor 
e Current Sensing 


¢ Telephone Ring Detection 





Schematic 


dc+ INPUT 
2 





TRUTH TABLE 
uve <Vonnom | A 





e 
dc~ INPUT SEE NOTE 15. 





Outline Drawing 


DATE 


(—, SUFFIX LETTER) 





TYPE NUMBER 
PUY SINGLE CHANNEL 
(HCPL-5760, 
5761/883B, OR 
5962.8947701PC) 


a 


7.37 (0.290) 
7.87 (0.310) 


8.13 
(0.320) 
MAX. 





R Q) 
0.51 (0.020) 
MIN 


9.40 (0.370) 
| 9.90 (0.390) 
PEE ER | 4.32 (0.170) 
MAX. 


| of 


2.29 (0.090) 0.51 (0.020) 
2.79 (0.110 MAX. 





DIMENSIONS IN MILLIMETERS AND (INCHES). 
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Description 

The HCPL-5760, HCPL-5761, 
and 5962-8947701PC are single 
channel, hermetically sealed, 
voltage/current threshold 
detection optocouplers. The 
products are capable of 
operation and storage over the 
full military temperature range 
and can be purchased as either 
standard product (HCPL-5760), 
with full MIL-STD-883 Class 
Level B testing (HCPL-5761), or 
from the DESC Standard 
Military Drawings (SMD) 5962- 
89477 as (5962-8947701PC). All 
three products are in eight pin 
hermetic dual in-line packages. 
They are normally shipped with 
gold plated leads. They are also 
available with solder dipped 
leads by replacing C with A in 
the SMD part #, or by adding 
option #200 to the part number 
for non-SMD parts. 


Each unit contains a light 
emitting diode (LED), a 
threshold sensing input buffer 
IC, and a high gain photon 
detector to provide an 
optocoupler which permits 
adjustable external threshold 
levels. The input buffer circuit 
has a nominal turn on threshold 
of 2.5 mA (I,,,,) and 3.6 volts 
(V.4;,). The addition of one or 
more external attenuation 
resistors permits the use of this 
device over a wide range of 
input voltages and currents. 
Threshold sensing prior to the 
LED and detector elements 
minimizes effects of different 
optical gain and LED variations 
over operating life (CTR 
degradation). Hysteresis is also 
provided in the buffer for extra 


noise immunity and switching 
stability. 


The buffer circuit is designed 


with internal clamping diodes to. 


protect the circuitry and LED 
from a wide range of over- 
voltage and over-current 
transients while the diode _ 
bridge enables easy use with ac 
voltage input. 


These units combine several. 
unique functions in a single 
package, providing the user 
with an ideal component for 
computer input boards and 
other applications where a 
predetermined input threshold 
optocoupler level is desirable. 


The high gain output stage 


features an open collector 
output providing both TTL 
compatible saturation voltages 
and CMOS compatible 
breakdown voltages. 


The test program performed on © 
the 5962-8947701PC is in 
compliance with DESC (SMD) 
5962-89477. The electrical 
characteristcis table shows 
Group A Subgroup testing 
requirements from this 

drawing. 


All devices are manufactured 
and tested on a MIL-STD-1772 . 
certified line and are included in 
the DESC Qualified Manufac- 


turers List (QML) in accordance 


with requirements for MII.-H- 
38534. 


Recommended Operating Conditions 






Ssmibot | Min. | Max. | Unis 






Absolute Maximum Ratings 


Storage Temperature Range ........ 
Operating Temperature ................ 
Lead Solder Temperature ............. 


Supply Voltage ,V,, (Pins 8-5)..... 
_ Output Voltage, V, (Pins 6-5)....... 
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EAgaibdundecamecaee cababetcads -65°C to +150°C 
snslecaciawat duvsieetdacucoowa ait -55°C to 125°C 
Bd gal Chute tase tua odds 260°C for 10 s®! 


Average Input Current — [py ......cceccsesesssesssssesseseeeneesensseeens 15 mA®! 
Surge Input Current 1 io cccticscestiveackst este denansciavurnns 140 mA4! 
Peak Transient Input Current — Tig py sessssssesesesetetereneeneeeeeeee 500 mA! 
Input Power Dissipation — P,,, «0.0.0... ch atscaieata i: weseeeee LO5 mW"! 
Total Package Power Dissipation — P.,....... sguietiatineemdenee ... 260 mW 
Output Power Dissipation — Po .........sccssesscsssssscseeserrseieetscseees 65 mW 
 bverage Outpul Current.= Tp ses hccsniscsstasareasteioealacdemcosceaeeecssns 40 mA 


sa hine hence dea tens -0.5 min., 20 V max. 
slice ty tacheneetuees -0.5 min., 20 V max. 


2 
ta 
= 
& 
ry) 
eo 
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Electrical Characteristics T, = -55°C to 125°C, unless otherwise specified. 


7 _ | Group A" 
Parameter | Symbol Conditions . Subgroup 


- 12,3. 1.75 


7 






c=) 
o 


Input Threshold 
Current 





1, 2,3 1.3 









Vin = V, — V,; Pins 1 
& 4 Open 

Voc = 4.5 V; V, = 0.4 V; 
I, 22.6 mA 


1,2,3 3.18 













dc 
(Pins 2, 3) 








Vin = V, — V3; Pins 1 
& 4 Open 


1, 2,3 1.90 
Voc = 4-5 V; V, = 2.4 V; 















oe i» bt 
jas o 
fm) bh 








Input | I, $ 250 pA 
Threshold 
Voltage Vin = IV, -— V, 1; Pins 


2& 3 Open 1, 2,3 3.79 
|. Vo, = 4-5 V; V, = 0.4 V; 


1522.6 mA 
-V,y = IV,-V,1; Pins 2 
& 3 Open 
Voc = 4-5 V; Vy = 2.4 V; 
I, $250 pA 


V 


1, 2,3 2.57 










1HC1 = V, = V5 


6 


~~" 


Ty = 10 mA; Pin 1 & 4 | 
Connccted to Pin 3 





Vince = 1V,-V, 1; 


IT,,,! = 10 mA; 
Pins 2 & 3 Open 


1, 2,3 


1.4 


| @ 


12.0 









I =15mA; 


N 


1 4 
Pins 1 & 4 Open 


ac 
(Pins 1, 4) 
Vern. 
Vin = V, — V; = 5.0 V; 1,2,3 | 
Pins 1 & 4 Open 
¢ = 4.5 V; . 1, 2,3 


Logic Low | Vig: Vog = 4-5 V 
Output Voltage | Io, = 2-6 mA 
Logic High © - Vou=Veo=18Vo 1,2,3 
Output Current — | 





Logic Low Le 1, 2,3 
Supply Current = 
1, 2,3 


Logic High | . 
Supply Current 
45% RH, t = 5s; 
Input-Output V,.9 = 1500 Vde; 


Insulation 


a Oo 
So : 
So fo.) 
ve igs 
Oo 
_ ~ 





|| ttt fe 
is {s| sf s| {5 





Gg 
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Electrical Characteristics T, = -55°C to 125°C, unless otherwise specified (continued). 


Propagation Delay 
Time to Logic Low 
Output Level 


| Propagation Delay 
Time to Logic High 


Output Level 


Logic High Common 
Mode Transient 
Immunity 


Logic Low Common 
Mode Transient 
Immunity 





*All typical values are at T, = 25°C, V,,, = 5 V unless otherwise noted. 
















Veco #45 V 
lor 22.6 mA 
Vo. =: 0.4 V 
Von = 4.5 V 
lon ss 250uA 






TH. 
VtH (de) 3.6 V 25 V PINS 2, 3 
Vt (ac) 50V 3.7 V PINS 1, 4 
(ac VOLTAGE IS INSTANTANEOUS VALUE) 
ItH (ac/dc) 25mA 1.3mA_ PINS 2,3 
OR 
panne np PINS 1,4 


he ec eee 
ARE 


ae ees eee 
ee 


TH. TH+ 



















Vo — OUTPUT VOLTAGE - V 






INPUT VOLTAGE OR CURRENT 


Figure 1. Typical Transfer Characteristics. 





4 
rr 
P3 
oo 
ery 
eo 








Ai Ni TTT 
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Vry- VOLTAGE THRESHOLD - V 
It4 - CURRENT THRESHOLD -mA 





ig 
= 
s 


18 
-55 -35 -15 5 25 45 65 85 105 12 


Ta - TEMPERATURE - °C 


Figure 2. Typical de Threshold Levels vs. Temperature 
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Typical Characteristics All typical values are at T, = 25°C, Voo = 5 V, unless otherwise specified. 


- Parameter 


Hysteresis 


Input Clamp Voltage 


Bridge Diode 
Forward Voltage 


Output Rise Time 
(10-90%) 


Output Fall Time 
(90-10%) 


Notes: 

1. Maximum operating frequency is _ 
defined when output waveform (Pin 
6) attains only 90% of V., with R, = 
1.8 kQ, C, = 15 pF using a 5 V 
square wave input signal. 

2.Measured at a point 1.6 mm below 
seating plane. 


3. Current into/out of any single lead. — 


4, Surge input current duration is 3 
ms at 120 Hz pulse repetition rate. 
Transient input current duration is 
10 ps at 120 Hz pulse repetition . 
rate. Note that maximum input — 
power, P_,., must be observed. 

5. Derate linearly above 100°C free-air 
temperature at a rate of 4.26 mW/ 
°C. Maximum input power _ 
‘dissipation of 195 mW allows an — 
input IC junction temperature of 
150°C at an ambient temperature of 

4 = 125°C with a typical thermal 
resistance from junction to ambient 
of 6,,, = 235°C/W. The typical 
thermal resistance from junction to 
case is equal to 170°C/W. Excessive 
Pin and T, may result in device 
degradation. 

6. The 1.8 kQ load represents 1 TTL 
unit load of 1.6 mA and the 4.7 kQ 
pull-up resistor. 


Vic = V. - NG; V; = GND: 


I. = -10 mA 


IN 


f= 1 MHz; V,, =0V, 
Pins 2 & 3, Pins 1 & 4 Open 


7. Logic low output level at Pin 6 
occurs under the conditions of V,, 2 
Vir, 28 well as the range of V,,, > 

Vip — Once V,,, has exceeded VN 
Logic high output level at Pin e" 
occurs under the conditions of V,,, $ 
Viry. 28 well as the range of V,,, < 

Ving, once V,, has decreased below 

8. The ac voltage is instantaneous 
voltage. 

9. Device considered a two terminal 
. device: Pins 1, 2, 3, 4 connected 

together, Pins 5, 6, 7 8 connected 
together. 

10. This is a momentary withstand test, 
not an operating condition. 

11. The t,,,, propagation delay is 
measured from the 2.5 V level of the 
leading edge of a 5.0 V input pulse 
(1 ps rise time) to the 1.5 V level on 
the leading edge of the output pulse 
(see Figure 7). 

12. The t,,,, propagation delay is 
measured from the 2.5 V level of the 
trailing edge of a 5.0 V input pulse 
(1 ps fall time) to the 1.5 V level on 
the trailing edge of the output pulse 
(see Figure 7). 

13. Common mode transient immunity 
in Logic High level is the maximum 
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tolerable dV... /;, of the common 
mode voltage, Vox, to ensure that 
the output will remain in a Logic 
High state (i.e., V, > 2.0 V). 
Common mode transient immunity 
in Logic Low level is the maximum — 


_ tolerable dV,,,,,, of the common 


14. 


15. 


16. 


‘allowable 


CM/dt 
mode voltage, V_..,, to ensure that 


the output will remain in a Logic 
Low state (i.e., V, < 0.8 V). See 
figure 8. 
In applications were dV,,,,,;, may 
exceed 50,000 V/ps (such as static 
discharge), a series resistor, R o 
should be included to protect the 
detector IC from destructively high 
surge currents. The recommended 
value for R,, is 240 Q per volt of _ 
| p in V,, (between Pin 
8 and V_,,) with a mmimum value of 
240 Q. 
D, and D, are Schottky diodes; D, 
and D, are zener diodes. 
Standard parts receive 100% testing 
at 25°C (Subgroups 1 and 9). SMD 
and /883B parts receive 100% 
testing at 25, 125, and -55°C 
(Subgroups 1 and 9, 2 and 10 ,3 and 
11, respectively.) 








dc (PINS 2, 3 
PINS 1,4 
OPEN) 


HHH 
on ie Se 


123 4 5 6 7 8 9 10 11 12 13 









lin — INPUT CURRENT — mA 
Ww 
So 








Vin — INPUT VOLTAGE — V 


Figure 3. Typical Input Characteristics, I,,, vs. V,,- 
(ac Voltage Is Instantaneous Value.) 


'ccH - HIGH LEVEL SUPPLY CURRENT - yA 





-55 -35 -15 5 25 45 65 85 105 125 
Ty - TEMPERATURE - °C 


Figure 5. Typical High Level Supply Current, I,,,, vs. 
Temperature. 


HCPL-5760/1 +5V 


0.1 uF 
PULSE BYPASS 
GENERATOR 


Zo = 502 


Vin 
PULSE AMPLITUDE = 5.0V = 
PULSE WIDTH = 1 ms ~ 
f = 100 Hz *C. IS 15 pF, WHICH INCLUDES PROBE 


ty = ty = 1.0us (10-90%) AND STRAY WIRING CAPACITANCE. 


5V 





INPUT 
VIN 
Vou 
OUTPUT 
Vo 


Figure 7. Switching Test Circuit. 





1.5V 
Vor 


ly - INPUT CURRENT - mA 
Vo. - LOW LEVEL OUTPUT VOLTAGE - mv 





"-55 -35 -15 5 25 45 65 85 105 125 


Ta - TEMPERATURE - °C 


Figure 4. Typical Input Current, I and Low Level 
Output Voltage, V,,, vs. Temperature. 


28 


Re = 1.8k22 | 
24+— Cc, = 15pF 

Vcc = 5.0V 
20 5.0V 
Vin 1 mS PULSE WIDTH 

f = 100 Hz 

t,, te = Tus (10 - 90%) 





tp - PROPAGATION DELAY - us 





0 
-55 -35 -15 5 25 45 65 85 105 125 
Ta- TEMPERATURE ~°C 








Figure 6. Typical Propagation Delay vs. Temperature. ce 
25 
GS 
lin #2 
se i 
HCPL-5760/1 re 
o 
+5V 
B 
0.1 yF 
A Bypass > At 





Ver ——— Vo 


*SEE NOTE 14 





PULSE GENERATOR = 
**C, IS 15 pF, WHICH INCLUDES PROBE: AND STRAY WIRING CAPACITANCE. 
ei pa ig ty = 40 ns 
Vem  50V | tot 
OV 10% 10% 





—t >| + — 


NG ee V 
SWITCH ATA: liy =OmMA 


Vo i a Voi 


SWITCH AT B: liq = 4 mA 


Figure 8. Test Circuit for Common Mode Transient 
Immunity and Typical Waveforms. 
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and MIL-STD-883 Class. 
B Test Program 
Hewlett-Packard's 883B 
Optocouplers are in compliance 
with MIL-STD-883, Revision C._ 
Deviations listed below are _ 
specifically allowed in DESC 
SMD 5962-89477 for an H. P. 
Optocoupler from the same - 
generic family using the same 
manufacturing process, design 
rules and elements of the same | 
microcircuit group. 


Testing consists of 100% 
screening to Method 5004 and 
quality conformance inspection 
to Method 5005 of MIL-STD- 
883. 


5761/883B Clarifications: | 

I. 100% screening per MIL- 
STD-883, Method 5004 
constant 


E. 
II. Quality Conformance , 

Inspection per MIL-STD-883, 
Method 5005, Group A, B, C, 
and D. 

Group A— See Electrical 

Characteristics 
| _ Table. 

Group B— No change. 

Group C- No change. 

Group D—Constant 
Acceleration— 


Condition A not E. 


Electrical - | | 
Considerations 


The HCPL-5760, HCPL-5761, or 
_. cleaning purposes (wetting 
. current). 


5962-8947701PC optocoupler 
has internal temperature — 
compensated, .predictable | 
voltage and current threshold... 
points which allow selection of 
an external resistor, R,, to 
determine larger external 


threshold voltage levels. Fora _- 


Part Numbering System 


| -HOPL-5760 


Commercial Product | Class B Product. 










HCPL-5761__—‘| °5962-8947701PC 


SMD Product 


‘ 






909 2 


0.1 uF 
BYPASS 






Vin = 18.7 Vex—pK 


acceleration—Condition A not | 


The choice of which input 






lin = 12 mA RMS 
lo = 20 mA 


_ desired external threshold 
- voltage, V,, a corresponding 


typical value of Rx can be 
obtained from Figure 10. 


_ Specific calculation of R, can be 


obtained from Equation (1) of 
Figure 11. Specification of both 
V, and V_voltage threshold 


~ levels simultaneously can be 
obtained by the use of R, and R. 


as shown in Figure 11 and 
determined by Equations (2) 


and (3). 


_. Rx can provide over-current 
_. transient protection by limiting | 
- input current during a transient 


condition. For monitoring 
contacts with a relay or switch, 


the HCPL-5760/1, or 5962- 
~ 8947701PC combination with R, 
~~” and R, can be used to allow a 
specific current to be conducted | 


through the contacts for 


voltage clamp level to choose _ 


- depends upon the application of - 
_ this device (see Figure 3). Itis 
. recommended that the low 
clamp condition be used when 
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Ta = +125°C 


Figure 9. Operating Circuit for Burn-In and Steady State Life Tests 








V+ (ac) 





Fie Vv. tn} Pa 
au || 
Py TT TP vet | | | | 
Bee 4a An: 
cask car Arees 
tf 
Eee cesses 
Be ae 


A Niu, =3-.6V 1. ac. 
we roe de : PINS 2, 3 













200 


150 









V. —- EXTERNAL THRESHOLD VOLTAGE —-V_ ~ | 
(INSTANTANEOUS VALUE) 


0 40. 80 ~— 120. 160 200 240 
Rx — EXTERNAL SERIES RESISTOR — kQ 


Figure 10. Typical External Thresh- 
old Characteristic, V .vs.R, . - 


- possible to lower the input 


power dissipation as well as the . 
LED current, which minimizes 
LED degradation over time. _ 


In applications where dV 4,4, : 


‘may be extremely large (such as 
static discharge), a series 


resistor, R,,, should be 


connected in series with Vio 


| and Pin 8 to protect the detector | 


IC from destructively high surge 
currents. See note 14for _ 


' . determination of R,,. In 
addition, it is recommended 


that a ceramic disc bypass 
capacitor of 0.01 LF to 0.1 uF be 
placed between Pins 8 and:'5 to | 
reduce the effect of power 
supply noise. 





O Vec 


@ Vo 


Figure 11. External Threshold Voltage Level Selection 


For interfacing ac signals to 
TTL systems, output low pass 
filtering can be performed with 
a pullup resistor of 1.5 kQ and 
20 uF capacitor. This | 
application requires a Schmitt 
trigger gate to avoid slow rise 
time chatter problems. For ac 
input applications, a filter 
capacitor can be placed across 
the dc input terminals for either 
signal or transient filtering. 


Either ac (Pins 1, 4) or de (Pins 
2, 3) input can be used to 
determine external threshold 
levels. 


For one specifically selected 
external threshold voltage level 
V, or V, R, can be determined 
without use of R, vila 


V, 7 Vans 
R. = OD (1) 
lous 
(-) 
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For two specifically selected — 
external threshold voltage 
levels, V, and V, the use of R, 
and R._ will permit this selection 
via equations (2), (3) provided 
the following conditions are 








met: 
oS and + TH+ < TH+ 
V. Vow. V_- Von Toy. 
Roe Ve WY) 
Toye (Vin . Toy. (Ving. 
R, = 


Vin. (V,) - Ven, (V) 
————$—$ —_______. (3) 
Inn, (V. - Vay) + Igy. (Vo, ~ V,) 


See Application Note 1004 for 
more information. 
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Dual Channel Hermetically 
Sealed Transistor Output 


Optocoupler — 


Technical Data 


Features 


e DESC Standard Military | 
Drawing 


¢ Manufactured and Tested 


on a MIL-STD-1772 
Certified Line 
¢ QML-MIL-H-38534 


¢ Hermetically Sealed 8-pin 


Dual In-Line Package 

e Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

e MIL-STD-883 Class B 
Testing 

¢ Dual Isolated Channels 

e High Speed: Typically 
400kBit/s 

e 2-MHz Bandwidth 

e Open Collector Outputs 

e 2-18 Volt V,, Range 

e 1500 Vdc Withstand Test 
Voltage 

¢ High Radiation Immunity 

e HCPL-2530/2531, HCPL- 
55XX, 65XX Function 
Compatibility 


Applications 

e Military/High Reliability 
Systems 

e Line Receivers 

e Digital Logic Ground 
Isolation 

e Analog Signal Ground 
Isolation 


° Switching I Power Supply 
Feedback Element 

¢ Vehicle Command/Control 

e System Test Equipment 

° Level Shifting — 


Description ' 

The 4N55, 4N55/883B, and — 
5962- 8767901EC units consist 
of two completely independent 
transistor output optocouplers. 
The products are capable of 


Outline Drawing 






PINT ESD 
cop CERTIFICATION MARK 
(-, CH, OR Q) 


q—-___--___ 20.06 (0.790) 
i 0 8g (0.820) 


Tin 


0.51 110 IVT = 


3.81 ae ‘eis 





us 2.29 (0.090) 
2.79 (0. 555 10 Tor 


DIMENSIONS IN MILLIMETERS AND (INCHES) 
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TYPE NUMBER 

8.13 
4N55/883B (0.320) 
OR 5962- MAX. 
8767901EC) | 


“ps 51 an ol 


HEWLETT 
PACKARD 





ANSE 
_ 4N55/883B 
- 5962-8767901EC 


operation and storage over the 
full military temperature range 
and can be purchased as either 
a standard product (4N55), with 
full MIL-STD-883 Class Level B 
testing (4N55/883B) or from the 
DESC Standard Military 
Drawing (SMD) 5962-87679 as 
(5962-8767901EC). All three | 
products are assembled in’ ~ 
hermetic, sixteen pin dual in- — 
line packages. These parts are 


7.37 (0.290 
7.87 (0.310) 
0.20 (0.008) 


0.33 (0.013) | 
=f 








normally shipped with gold 
plated leads. They are also 
available with solder dipped 
leads by replacing C with A in 
the DESC part #, or by adding 
option #200 to the part number 
for non DESC parts. 


Each channel has a GaAsP light 
emitting diode which is optically 
coupled to an integrated photon 
detector. Separate connections 
for the photodiodes and output 
transistor collectors improve the 
speed up to a hundred times 
that of a conventional 
phototransistor optocoupler by 
reducing the base-collector 
capacitance. 


These devices are suitable for 
wide bandwidth analog applica- 
tions, as well as for interfacing 
TTL to LSTTL or CMOS. 
Current Transfer Ratio (CTR) is 
9% minimum at I, = 16 mA. The 
18 V V,,, capability will enable 
the designer to interface any 
TTL family to CMOS. The 
availability of the base lead 
allows optimized gain/band- 
width adjustment in analog 
applications. The shallow depth 
of the IC photodiode provides 


Schematic 


1O-——N-C. 
2 O-——N.C 
\¢;—_—_— 
3 
+ 
Ver 
4 
: <«+— I> 
5 O——NC. 
<— Icc2 
6 O——N-C. 
\ | 
F2—_——_»> ls 
7 
+ 
os 


8 


better radiation immunity than 
conventional phototransistor 
couplers. 


The test program performed on | 


the 5962-8767901EC is in 
compliance with DESC (SMD) 
5962-87679. The Electrical 
Characteristics Table shows 
Group A Subgroup testing 
requirements from this 
drawing. 


CAUTION: The small junction sizes inherent to the design of this bipolar 
component increase the component's susceptibility to damage from 


electrostatic discharge (ESD). It is advised that normal static precautions | 


be taken in handling and assembly of this component to prevent damage 
and /or degradation which may be induced by ESD. 





Recommended Operating Conditions 





Input Current, High Level 


r 
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16 
(Ve) 


15 
(Veer) 


14 


13 
(GND,) 


12 
(Vea) 


11 
(Veca) 


1 
(GND>) 


9 


All devices are manufactured 
and tested on a MIL-S'ID)-1772 
certified line and are included in 
the DESC Qualified Manufac- 
turers List (QML) in accordance 
with requirements for MIL-H- 
38534. 
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Absolute Maximum Ratings 


Storage Temperature Range 1.0.0.0... eeeesseeeseeeceeereees -65°C to +150°C 
Lead Solder Temperature .0........cccccesceesseeeseseesceseeeeees 260°C for 10s. 
| (1.6 mm below seating plane) 
Average Input Current — I, (each channel) «0.0.0.0... ce csseeeeees 20 mA 
Peak Input Current — I, (each channel, 
= 1S Curation) <3 cca se cswmmepsunaniiun aan 40 mA 
Reverse Input Voltage — V, (each channel)............ cc cccssesseeeeetees 5V 
Input Power Dissipation (each channel])...............cccecceceseeseeeeees 36 mW 
Average Output Current — I, (each channel) ............eeeeseeeeees 8 mA 
Peak Output Current — I, (each Channel )..............cccccscccesesseees 16 mA 
Supply Voltage — V,,, Gach Channel) o ccicciecastsesansiess -0.5 V to 20 V 
Output Voltage — V, (each channel)....... sAtesumiae eaetceh at -0.5 V to 20 V 
Emitter Base Reverse Voltage — Viiag ...:.sscesssecsessecsesssscasesseseees 3.0 V 
Base Current — I, (each channel)... ceeescsenseceseseesscseeenes 5 mA 
Output Power Dissipation (each channel) ............. eee eeteanres 50 mW 


Derate linearly above 100°C free air temperature 
at a rate of 1.4 mW/°C. 


Electrical Characteristics 


Group A | : 
Parameter scan [i Fn [| Un 


Reverse Breakdown 7 = = 10 i 1, 2,3 
Voltage 
Coupled High Level I, = 0, I, (other | 
Output Current channel)= 20 mA — 
Vo = Veg = 18 V 





. I, = 250 pA, I, (other 
Output Leakage Current | I,,.,.* chainnel)= = 20 omc 
Vo = Vog = 18 V 


BY, > 
Current Transfer Ratio CTR* =4.5V;V, =0.4 V; 
: = = 16 mA 


Input to Output T, = +25°C; 

Insulation Leakage | Vie = 1500 Vde 

Current Relative humidity = 45%; 
t=5s 


I, = 0 mA, I, (other 
Supply Current High channel) = 20 mA, 
Level Vog = 18 V 


Supply Current Low 
Level 


Propagation Delay Time 
HIGH to LOW 


LOW to HIGH 


*JEDEC Registered Data. 
**All typical values are at V,, = 5 V, T, = 25°C. 
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Typical Characteristics 









e 


g. 






Parameter Test Conditions 


Temperature Coefficient AV, mV/°C | I,=20mA 


of Forward Voltage AT, 
60 
10” Vio = 500 Vde 


1 pA 45% Relative Humidity, 
V,, = 500 Vde, t=5s 
| 























Input Capacitance 


f = 1 MHz, V, = 0 Vde 















Input-Output Resistance 





Input-Output Capacitance 


cy 
ae 


1-0 
I-I 
C I-I 
hoe 
Al, 
Al, 


Input-Input Insulation 
Leakage Current 


Input-Input Capacitance 


150 V,=5V,1,=3mA 


1 
1 


Transistor DC Current Gain 


Small Signal Current 
Transfer Ratio 


On or; ~ ht | me | © 
- © 





Common Mode Transient 
Immunity at Logic High 
Level Output | 


Common Mode Transient 
Immunity at Logic Low 
Level Output 


Bandwidth 


Notes: 
1. Each channel. | 
2. Current Transfer Ratio is defined as the ratio of output collector current, I,, to the forward LED input current, I,, times 
100%. CTR is known to degrade slightly over the unit's lifetime as a function of input current, temperature, signal duty cycle 
and system on time. Refer to Application Note 1002 for more detail. In short it is recommended that designers allow at least 
20-25% guardband for CTR degradation. 

. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together. 

. Measured between each input pair shorted together and the output pins for that channel shorted together. 

. Measured between pins 3 and 4 shorted together and pins 7 and 8 shorted together. 

. CM,, is the steepest slope (dV/dt) on the leading edge of the common mode pulse, V 
logic high state (i.e., V, > 2.0 V). 

. CM, is the steepest slope (dV/dt) on the trailing edge of the common mode pulse, V 
logic low state (i.e., V, < 0.8 V). 

. Bandwidth is the frequency at which the ac output voltage is 3 dB below the low frequency asymptote. 

. This is a momentary withstand test, not an operating condition. 

. Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and /883B parts receive 100% testing at 25, 125, and 
-55°C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 
















ICM,! | 1000 | V/us 


V, (max.) = 0.8 V 


so [we Cd 











oO or Oo 


cw for which the output will remain in the 


~) 


cw for which the output will remain in the 


owe 
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100 











¢ 10 < 
E E 
el 
- 
a z 
x 1.0 ra 
a 
5 [emg 
Oo 2 
fa} Oo 
ig al 
| = 0.1 = 
& 5 
7 ri 
( 
0.01 2 
0.001 : 0 
1.10 1.20 1.30 1.40 1.50 1.60. . 0 2 4 6 8 10 12 14 16 18 20 
V, - FORWARD VOLTAGE - V Vo — OUTPUT VOLTAGE ~ V 
Figure 1. Input Diode Forward Current vs. Forward Figure 2. DC and Pulsed Transfer Characteristic. 
Voltage. . . 


1.5 100 tT 


Ip = 250 pA, Ip (OTHER CHANNEL) = 20 mA 


10 I-=0 pA, I; (OTHER CHANNEL) = 20 mA 





CTR — NORMALIZED CURRENT TRANSFER RATIO 
lon — LOGIC HIGH OUTPUT CURRENT — pA 





0.1 
0.5 
NORMALIZED TO: 
CTR AT Ip = 16 mA, 
0 0.001 
0.1 1 10 100 -60 -40 -20 0 20 40 60 80 100 120 140 


Ip - INPUT DIODE FORWARD CURRENT — mA . Ta — TEMPERATURE — °C 


Figure 3. Normalized Current Transfer Ratio vs. Input Figure 4. Logic High Output Current vs. Temperature. 
Diode Forward Current. 


IccL — LOGIC LOW SUPPLY CURRENT — nA 
tp — PROPAGATION DELAY — ps 





960 -40 -20 0 20 40 60 80 100 120 140 


lp — INPUT DIODE FORWARD CURRENT — mA Ta — TEMPERATURE — °C 


Figure 5. Logic Low Supply Current vs. Input Diode Figure 6. Propagation Delay vs. Temperature. 
Forward Current. 
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NORMALIZED SMALL CURRENT TRANSFER RATIO 





NORMALIZED TO: 
eee I eer 
J. 0 5 10 15 20 25 
4\4 


i; — QUIESCENT INPUT CURRENT — mA 


Figure 7. Normalized Small Signal Current Transfer 


Ratio vs. Quiescent Input Current. 


+412 V0 


0.1 uF 





TRIM FOR 
UNITY GAIN 


Q,;, Q2, Q3: 2N3904 





















NORMALIZED RESPONSE - dB 








0.1 1.0 10 100 
f - FREQUENCY - MHz 


Figure 8a. Frequency Response. 


(1 MOQ, 12 pF 
TEST INPUT) | 


TYPICAL LINEARITY = +3% AT Vin=1 V 
TYPICAL SNR = 50 dB 

TYPICAL Ry=375 0 

TYPICAL Vo de = 3.8 V 

TYPICAL I;=9 mA 


pp 


Figure 8b. Frequency Response. 





ip MONITOR © 


Ru 


10% DUTY CYCLE 
1/f < 100 us 


Figure 9. Switching Test Circuit.* 
*JEDEC Registered Data. 





Q 
ta 
= 
x 
bal 


OPTOCOUPLERS 


SWITCH AT A: If =O mA 








Vo SiS Vor 


SWITCH AT B: I; = 16 mA 


50% DUTY CYCLE 
1/f = 100 us 





PULSE GEN. = 


Figure 10. Test Circuit for Transient Immunity aad 
Typical Waveforms. 
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LOGIC GATE 
cc 


LOGIC GATE 


Figure 11. Recommended Logic Interface. | 


SMD 5962-8767901EC 


and MIL-STD-883 Class | 


B Test Program 
Hewlett-Packard's 883B 


Optocouplers are in compliance | 


with MIL-STD-883, Revision C. 
Deviations listed below are 
specifically allowed in DESC 
SMD 5962-87679 for an HP 
Optocoupler from the same 
generic family using the same 
manufacturing process, design 


rules, and elements of the same 


microcircuit group. 


Testing consists of 100% 
screening to Method 5004 and 
quality conformance inspection 
to Method 5005 of MIL-STD- 
883. 


4N55/883B Clarifications: 

I. 100% screening per MIL- 
STD-883, Method 5004 
constant accelera- | 
tion—Condition A not E. 


Commercial Product | Class B Product 


~ 4N55 












LOGIC FAMILY LSTTL CMOS — 


*THE EQUIVALENT OUTPUT LOAD RESISTANCE IS 


AFFECTED BY THE LSTTL INPUT CURRENT AND IS 
APPROXIMATELY 8.2 kQ. | 


This is a worst case design which takes into account 
25% degradation of CTR. See App. Note 1002 to 
assess actual degradation and lifetime. 





Group A-See Electrical 
Characteristics 
Table. 

Grcup B—No change. 

Group C—No change. 


IL. Quality Conformance. Group D—Constant 
Inspection per MIL-STD- Acceleration— 
883, Method 5005, Group A, Condition A not E. 
B, C, and D. | 

Part Numbering System 


SMD Product 








CONDITIONS: tp =20mA 


Ta = +125°C 


4N55/883B 


5962-8767901EC 


Figure 12. Operating Circuit for Burn-in and Steady State Life Tests. 
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Transistor Output, 
Hermetically Sealed 


Optocoupler 
Technical Data 


Features 

e Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

¢ QML-MIL-H-38534 

e Performance Guaranteed 
Over -55°C to +125°C 
Ambient Temperature 
Range 

e MIL-STD-883 Class B 
Testing 

e High Speed: Typically 
400 kbit/s 

e 9 MHz Bandwidth 

¢ Open Collector Outputs 

e 1500 Vdc Withstand Test 
Voltage 

¢ High Radiation Immunity 

e 4N55, 6N135/6, 
HCPL-2530/31 Function 
Compatibility 

e 2-18 Volt V,,. Range 


Applications 

e Military/High Reliability 
Systems 

¢ Isolated Input Line 
Receiver 

e Isolated Output Line 
Driver 

e System Test Equipment 
Isolation 

¢ Digital Logic Ground 
Isolation 

e Current Loop Receiver 

° Level Shifting 

e Analog Signal Ground 
Isolation 

¢ Vehicle Command/Control 

¢ Switching Power Supply 
Feedback Element 


Description 

These units are single and dual 
channel, hermetically sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military tempera- 
ture range and can be pur- 
chased as either a standard 
product or with full MIL-STD- 
883 Class Level B testing. All 
devices are manufactured and 
tested on a MIL-STD-1772 
certified line and are included 
in the DESC Qualified Manu- 
facturers List (QML) in accord- 
ance with requirements for 
MIL-H-38534. 


The HCPL-5500, 5501, 5530 
and 5531 are in a 8 Pin ceramic 
DIP configured as either single 
or dual channel devices. The 
standard products are HCPL- 
5500 and HCPL-5530. The 
products with full MIL-STD-883 
Class Level B testing are 
HCPL-5501 and HCPL-5531. 


The HCPL-6530 and 
HCPL-6531 parts are in twenty 
terminal hermetic, ceramic, 
leadless chip carriers. The 
standard part is HCPL-6530. 
The product with full MIL-STD- 
883 Class Level B testing is 
HCPL-6531. These dual channel 
devices are configured and func- 
tion as two independent single 
channels. Devices are delivered 
with solder dipped terminals as 
a standard feature. Units may 
also be purchased with gold 
plated terminals. 
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HCPL-5500 
HCPL-5501 (883B) 
HCPL-5530 
HCPL-5531 (883B) 


(8-pin Dual In-Line Package) 


HCPL-6530 

HCPL-6531 (883B) 
(20 Terminal Leadless Chip 
Carrier) 


Each channel contains a light 
emitting diode optically coupled 
to an integrated photon detector 
providing 1500 Vdc electrical 
isolation between input and out- 
put. Separate connections for 
the photodiodes and output 
transistor collectors improve the 
speed up to a hundred times 
that of a conventional photo- 
transistor optocoupler by 
reducing the base-collector 
capacitance. These devices are 
suitable for wide bandwidth 
analog applications, as well as 
for interfacing TTL to LSTTL or 
CMOS. Current Transfer Ratio 
(CTR) is 9% minimum at I, = 16 
mA over the full military oper- 
ating temperature range, -55°C 
to +125°C. The 18 V V,,, capa- 
bility will enable the designer to 
interface any TTL family to 
CMOS. The availability of the 
base lead allows optimized gain/ 
bandwidth adjustment in ana- 
log applications. The shallow 
depth of the IC photodiode pro- 
vides better radiation immunity 
than conventional phototran- 
sistor couplers. 


These products are also avail- 
able with the transistor base 
node unconnected to improve 
common mode noise immunity 
and ESD susceptibility. In addi- 
tion, higher CTR minimums are 
available by special request. 
Contact your local HP Field 
Sales Engineer for ordering 
information. 
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Outline Drawings 
8-pin Ceramic Dual In-Line Package 


DATE 


CODE (—, SUFFIX LETTER) 







=] TYPE NUMBER 


CH 'YYWw' 2 SINGLE CHANNEL 
(HCPL-5500) 
(5501/883B) 

DUAL CHANNEL 
(HCPL-5530) 
(5531/8838) 


CERTIFICATION MARK 
(COMPLIANT HYBRID) 


4 FOR HCPL-5500/1 
@-FOR HCPL-5530/1 










4.32 (0.170) 
MAX. 


3.81 (0.150) 
MIN. 


tt 


0.51 (0.020) : 
MAX. 


a o el 





3s 


20 Terminal Ceramic Leadless Chip Carrier 


1.27 (0.050) 
(19 PLCS) 







47 
2.0 


(0.070) 
(0.080) 





a 






& 


’ NOTE: DIMENSIONS IN MILLIMETRES (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 


0.64 (0.025) 
(20 PLCS) 


1.78 (0.070) 
2.03 (0.080) 


TERMINAL 1 
2.16 (0.088) 


0.20 (0.008) ” 
RAD. TYP. 
(20 PLCS) 
















7.37 (0.290) 
8.13 rag 
87 (0.310 
(0.320) 0.2 wate 
MAX 033 





0.3 


(0.008) 
(0.013) | | 





HCPL-5500 
HCPL-5501 


HCPL-5530 
HCPL-5531 


DIMENSIONS IN MILLIMETERS AND (INCHES). 
*DETECTOR IC INTERNAL ELECTRICAL SHIELD 


8.70 (0.342) 
9.10 (0.358) 


4.95 (0.195) 
5.21 (0.205) | 






1.02 (0.040) (3 PLCS) 





el 








1.14 (0.045) 
1.40 (0.055) 


SUFFIX LETTER 


DATE CODE 


HP 


CERTIFICATION MARK 
(COMPLIANT HYBRID) 


TYPE NUMBER 
(HCPL-6530 OR 6531883B) 


XXXX XXXX 






METALIZED CASTILLATIONS 
(20 PLCS.) 


| | ad —o.51 (0.020) 


1.62 (0.060) 


2.03 (0.080) 


T 
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8 PIN Ceramic DIP Recommended Operating Conditions 
SINGLE CHANNEL SCHEMATIC 


I 
cc 8 






| 
IF | 
——— 


2 
ANODE O | 
| 
VE 7, 
= | 
CATHODE l 
7 | 





“Absolute Maximum Ratings | 
ann Storage Temperature ..............sccssccsscccssssssessesseeeses -65°C to +150°C 
Operating Temperature ...............cccccscscessssreceecsssseees -55°C to +125°C 
Lead Solder Temperature .................c.ssssssessssessesecesseees 260°C for 10s 
Average Input Current, I, each channel ......... cece eeeeteeeeee 20 mA 
Peak Input Current, I, each channel, 
SIS CUP AUION soso sede esca tessa ie ndcew teases a ese 40 mA 
omen Reverse Input Voltage, V, each channel .............cceesessesseerseeeeees 3V 
OUR cue eenme teen te Average Output Current, I, each channel ......... ee ceeseeeneeeeee 8mA 
4 Peak Output Current, I, each channel .......... cece cseeeeeees 16mA 
- | = Voc Supply Voltage, V,,. each channel .............cccsssseseeeees -0.5 V to 20 V 
Portis: : Output Voltage, V, each channel .............ccccssessseseeeees -0.5 V to 20 V 
: Bs Input Power Dissipation, each channel ..................ccc00esceeees 36 mW 
he ae vs Output Power Dissipation, each channel .................ccccecceseees 50 mW 
| ESD Classifica iti ois. dack sevceiensncectcaiannie serounonhacedeenaeses Class 1 
7 l ESD Classification (HCOPL-5530/1) .............ccccceccssssssseesesvcveeeeees Class 3 
: (MIL-STD-883, Method 3015) 
4 £2 | Single Channel Product Only 
+ l Emitter Base Reverse Voltage. Vyigo -.s.:sssssesseesscsssseesssensecsesesess 3.0 V 
Vre (o 7 Vo2 Base Current, I,, each chanel ..............scssccssssossssnsssseoesesseasacnseee 5mA 
3 | 
| 


CAUTION: The small junction sizes inherent to the design of this bipolar component 
increases the component's susceptibility to damage from electrostatic discharge 
(ESD). It is advised that normal static precautions be taken in handling and assem- 
bly of this component to prevent damage and degradation which may be induced by 
ESD. 


2 
Gi 
3 
cc 
ui 
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20 Terminal Ceramic Leadless Chip 
Carrier Schematic 


Veco Ve 
18 17 16 15 14 


ANODE 19 

+ 

CATHODE 20 
1 

CATHODE 2 


ANODE 3 
+ 





GND Vo 


* DETECTOR IC INTERNAL ELECTRICAL SHIELD 
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Electrical Characteristics TA = -55°C to +125°C, unless otherwise specified 


Parameter . 


Current Transfer Ratio 










Test Conditions 


I, = 16 mA, V5 = 0.4 V, 
Voc = 4.5 V 


1, 2, 






Logic High 
Output Current 








I, (other channel) = 20 mA 
Vo = Voc = 18 V 


O 









Output Leakage 









Current Dual Channel _I, (other channel) = 20 mA, 


V =V,,=18V 


O 





















: bo 
1S) 
ae a 








Single I, = 20 mA, V,,=18 V 
Logic Low Channel | 
Supply 
| Current Dual | 1, = 1. = 20 mA, 
| Channel he 7 cv Voc = 18 V 
Single 
Logic High Channel 
Supply 
Current Dual 


Channel I, (other channel) = 20 mA, 


Vee =18V 





Input Reverse 
Breakdown Voltage 


Input-Output Insulation 45% Relative Humidity, 
T, = 25°C, t=5s, 


V,.9 = 1500 Vde 


Leakage Current 

















Propagation Delay Time R, = 8.2 kQ, C, = 50 pF 1,6 
to Logic High at Output I,=16mA,V,,.=5V | 
Propagation Delay Time 1,6 


to Logic Low at Output 


*All typical values are at V,, = 5 V, T, = 25°C. 
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Typical Characteristics T, = 25°C, V,,=5 V 


Parameter 


Temperature Coefficient 
of Forward Voltage 


Input Capacitance at. 


Resistance (Input-Output) et 1074 
Capacitance (Input-Output) 


Transistor DC Current Gain 


Small Signal Current 
Transfer Ratio 


Bandwidth | 


Common Mode Transient 
Immunity At Logic High 
Level Output 


Test Conditions Fig. 


oe [ene 
— Vo=5V,l=3mA 


Typ. 

















f=1 MHz, Ve = 0 
Vio = 500 Vde 
















ee) 
se 


ICM,,! | 1000 | Vis 
ICM,1 | -1000 









Common Mode Transient 


Immunity At Logic Low 
Level Output 





Dual Channel Product Only 














Input-Input Insulation 
Leakage Current 


Capacitance (Input-Input) 


Resistance (Input-Input) 
Notes: 


= 500 Vdc 
1. Each channel of a dual channel device. 


2. Current Transfer Ratio is defined as the ratio of output collector current, I, to the forward LED input current, I,, times 
100%. CTR is known to degrade slightly over the unit's lifetime as a function of input current, temperature, signal duty 
cycle, and system on time. Refer to Application Note 1002 for more detail. In short, it is recommended that designers allow 
at least 20-25% guardband for CTR degradation. 

3. Device considered a two-terminal device: for 8 pin DIP, pins 1 through 4 are shorted together, and pins 5 through 8 are 
shorted together; for LCC, terminals 19, 20, 1, 2, 3 are shorted together, and terminals 7 through 15 are shorted together. 

4. The HCPL-6530 and HCPL-6531 dual channel parts function as two independent single channel units. Use the single 
channel parameter limits. 

5. Measured between adjacent input pairs shorted together; i.e., for 8 pin DIP, between pins 1 and 2 shorted together and pins 
3 and 4 shorted together; for LCC, between terminals 19 and 20 shorted together, and terminals 2 and 3 shorted together. 

6. t,,,, propagation delay is measured from the 50% point on the leading edge of the input pulse to the 1.5 V point on the 
leading edge of the output pulse. The t,, ,, propagation delay is measured from the 50% point on the trailing edge of the input 
pulse to the 1.5 V point on the trailing « eC ge of the output pulse. 


ba Relative Humidity, 
1p = 900 Vde, t=5s 








107 


Bu ° 
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7. CM, is the maximum rate of rise of the common mode voltage that can be sustained with the output voltage in the logic low 
state (V, < 0.8 V). CM,, is the maximum rate of fall of the common mode voltage that can be sustained with the output 
voltage in the logic hig rh state (V,, > 2.0 V). 

8. Bandwidth is the frequency at which the ac output voltage is 3 dB below the low frequency asymptote. For the HCPL-5530 
the typical bandwidth is 2 MHz. 

9. This is a momentary withstand test, not : an operating condition. 

10. Higher CTR minimums are available to support special applications. 
11. Measured between each input pair shorted together and all outputs for that channel shorted together. _ 


20 








NORMALIZED TO: 
CTR AT le = 16 mA, 
aA =25C 





1g — FORWARD CURRENT — mA 
lo — OUTPUT CURRENT — mA 
r 















CTR — NORMALIZED CURRENT TRANSFER RATIO 





2| ae oa —] 
1 | 0 ee 
110 1.20130 1.40 1.50 0 2 4 6 8 10 12 14 16 18 20 
Ve — FORWARD VOLTAGE — VOLTS ‘Vo — OUTPUT VOLTAGE — V - ig — INPUT DIODE FORWARD CURRENT — mA . 
Figure 1. Input Diode Forward Figure 2. DC and Pulsed Transfer Figure 3. Normalized Current 
Characteristic. Characteristic. _ Transfer Ratio vs. Input Diode 


Forward Current. 


nie 3s 
45 3.6 












Pewee ees 
eee eee ee 
Cae 2ee 


ze 
Seek aes 
(ane aes a 
EP 2ee ato 
aoe ees 




















ip = Ip (OTHER CHANNEL) = 
ny 47.4um 
Rare eases 
EDZZaARREEe 


eeaeanees ocean 
a és 


.001 
-60 -40 -20 0 20 40 60 80 100 120 140 25 960 -40 -20 0 20 40 60 80 100 120 140 





icc, — LOGIC LOW SUPPLY CURRENT — pA 
tp — PROPAGATION DELAY — ps 
N 
oe 








lon — LOGIC HIGH OUTPUT CURRENT — vA 
°o 





Ta — TEMPERATURE — °C lp — INPUT DIODE FORWARD CURRENT — mA Ta — TEMPERATURE — °C 
Figure 4. Logic High Output Figure 5. Logic Low Supply Figure 6. Propagation Delay Vs. 
Current vs. Temperature. Current vs. Input Diode Forward Temperature. 

Current. 


Ta = 25°C 
Vo = 2V 


Pa eee 


ae es 
eed 


NORMALIZED TO: 
lp = 16 mA 


— NORMALIZED SMALL CURRENT TRANSFER RATIO 





2|s i — QUIESCENT INPUT CURRENT — mA. 
Figure 7. Normalized Small Signal __ 
Current Transfer Ratio vs. — 
Quiescent Input Current. 


6-310 


+5V QO O+15V 





Vo 





2N3053 


1.6 Vde 
.25 V p-p ac 







100 0 





MW? 
eA 
HCPL-550X, 

HCPL-653X 


0.1 1.0 10 100 


NORMALIZED RESPONSE - d8 





f - FREQUENCY - MHz 


(1 MQ, 12 pF 
TEST INPUT) 


O+H2V 
¥ 0.01 uF] 0.01 uF 
+12 V0 
0.1 uF 0.1 uF O Vo 


47 uF 
VinO 





TYPICAL LINEARITY = +3% AT Vin=1 Vp, 
TYPICAL SNR = 50 dB 
TYPICAL R; = 375 0 
= : TYPICAL Vo dc = 3.8 V 
Q,, Q2, Q3: 2N3904 TYPICAL p= 9 mA 


TRIM FOR 
UNITY GAIN 


Figure 8. Frequency Response. 






1; MONITOR O Vo I; MONITOR O 
Ci =50 pF 
1000 1009 = 
10% DUTY CYCLE 10% DUTY CYCLE 
1/f< 100 us 1/f < 100 us 





Figure 9. Switching Test Circuit. 
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2200 








PULSE GEN. PULSE GEN, 


Vem 





SWITCH AT A: Ip=OmA 


Vo — << —“f4 VoL 


SWITCH AT B: Ip=16mA 


Figure. 10. Test Circuit for Transient Immunity and 
Typical Waveforms. 


LOGIC FAMILY CMOS 
DEVICE NO. 54LS14; CD40106BM 
Vi 


Me 5V 
R, 5% 
TOLERANCE 8.2 KN 


“THE EQUIVALENT OUTPUT LOAD RESISTANCE IS AFFECTED 
BY THE LSTTL INPUT CURRENT AND IS APPROXIMATELY 8.2 KN. 





This is a worst case design which takes into account 25% 
degradation of CTR. See App. Note 1002 to assess actual 
degradation and lifetime. 


Figure 11. Recommended Logic Interface. 
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LOGIC GATE 





LOGIC GATE 


MIL-STD-883 Class B 
Test Program 
Hewlett-Packard's 883B 
Optocouplers are in compliance 
with MIL-STD-883, Revision C. 
Deviations listed below are 
specifically allowed in DESC 
drawing 5962-87679 for the 
equivalent H.P. Optocoupler. 


Testing consists of 100% screen- 
ing to Method 5004 and quality 
conformance inspection to 
Method 5005 of MIL-STD-883. 


Clarifications: 

I. 100% screening per MIL- 
STD-883, Method 5004 
constant accelera- 
tion—Condition A not E. 

II. Quality Conformance 
Inspection per MIL-STD- 
883, Method 5005, Group A, 
B, C, and D. 

Group A-See table below for 
specific electrical tests. 
Group B-No change. 

Group C—No change. 

Group D-—Constant Accelera- 
tion—Condition A not E. 


Part Numbering System 


Commercial Product Class B Product 
HCPL-5500 HCPL-5501 
HCPL-5530 HCPL-5531 


HCPL-6530 HCPL-6531 










Group A - Electrical Tests 
Quantity/Accept No. = 116/0 


Dual Channel 
Single and Dual Channel Product Product 


Subgroup 1 
Static tests at T, = 25°C —I 
V., I,, and CTR* 


F? “1-0 


Subgroup 2 
Static tests at T, = +125°C —I 
Locy Byg and CTR* 


Subgroup 3 
Static tests at T, = -55°C —I1 
Locy» Byg and CTR* 

















OH? Lect LocH Byp OH1 


OH1 


Tom 









I 
Veo I I 


OH? CCL’ 








CCH? 















OH? Vp» Lect? 
CCH? 
Subgroup 4, 5, 6, 7, 8A and 8B 
These subgroups are not applicable to this 
device type. 


Subgroup 9 
Switching tests at T, = 25°C —t,,, to” 












Subgroup 10 
Switching tests at T, = +125°C — t,,,,, tory” 


Subgroup 11 
Switching tests at T, = -55°C —t..,, tory* 





*Limits and conditions per Electrical Characteristics 
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Vec 
+18 V 





100 9 


Ta = +125°C 


CONDITIONS: Ir = 20 mA CONDITIONS: I, = 20 mA 
Ta =+125°C (EACH CHANNEL) 


Figure 12. Single Channel Operating Circuit for Burn- Figure 13. Dual Channel Operating Circuit for Burn-In 
In and Steady State Life Tests. and Steady State Life Tests. 









18 





17. 16 15 14 


Ta = +125°C 
CONDITIONS: I-=20 mA 


Figure 14. Operating Circuit for Burn-In and Steady 
State Life Tests. . 
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Electrophotographic 


Products 


Hewlett-Packard's Electrophoto- 
graphic Products consist of LED 


Printheads and LED Erase Bars 


which are used to expose the > 
image and to erase the image, 
respectively, on the photo- 
receptor in Non-Impact Plain | 
Paper Printers, Copiers, and. 
FAX machines using the | 
-Electrophotographic process. 


LED Printheads | an 


The LED Printhead can replace 
the Laser which is the principal 
part of the Raster Output 
Scanner (ROS) system of the. 
electrophotographic non-impact 
printers (NIP). The choice of: 
using either a laser or a LED 
Printhead is dictated by the 
speed, cost, and performance 
trade-offs. Some ofthe 
advantages of LED Printheads 
include: 


1. Compact size 
2. High speed, high power 
capability — | 


3. No moving parts, solid state 
reliability 


4. Wavelength can be modified 


as a special option to match 
— the photoreceptor 
characteristics 
5. Precise pixel placement, 
registration 


- Hewlett-Packard's binary LED 


Printheads are a series of 
compact, efficient, uniform, 
linear LED arrays with on- 


_board integrated data registers 


and precise LED drivers. These 
HP printheads are suitable for 
use in electrophotographic 


_ NIPs, digital copiers, universal 


office machines, and FAX 
machines. HP offers its binary 
LED Printheads in common 
LED array lengths of 8.5 
inches (A4 size) and 12 inches 
(A3 size). 


The resolution choices are 300 | 


DPI (8.5 and 12 inch LED 
array lengths), 406 DPI (12 


inch length), and 480 DPI (12 © 





inch length) where DPI is Dots 
Per Inch. For these LED 
Printheads, HP uses a modular 
design construction consisting of 
tiles aligned and mounted on a 
mother substrate to form a single 
LED row of thousands of pixels. 
The exact number of pixels 
depends on the length and 
resolution (DPI) of the printhead. 
A precision aligned SELFOC® 
array lens can be rigidly 
mounted over the LED linear 
array of thousands of pixels to 
focus the LED light output power 
(LOP) onto the photoreceptor of 
the electrophotographic machine. 
The A4 size 300 DPI printhead is 
supplied with a mounted SLA-20 
SELFOC® lens. The A3 size 300 
DPI, 406 DPI and 480 DPI 
printheads are supplied without 
a SELFOC® lens, but the lenses 


can be added as a special option. 


Table 1 gives some of the optical/ 


electrical parameters and 
characteristics of HP's LED 
Printheads. 


*SELFOC® is a registered trademark of 
Nippon Sheet Glass Co., Ltd. 


Table 1. Optical/Electrical Characteristics at T, = 25°C. 


Printhead 


Radiant 
Output 
Intensity 
(see Note 2) 
(uW/sr/pixel) 


Length | Number] Light Peak 
Type of Wavelength 
LED (nm) 


(See Note 1) 


Radiant 
Output 
Intensity 
Variation 


300 DPI 
300 DPI 
406 DPI 
480 DPI 


660 + 10 
685+ 8 
685 + 8 
685 + 8 


See Note 3 
See Note 4 
See Note 4 
See Note 4 


[SELFOC® — Registered trademark of Nippon Sheet Glass Co. Ltd.] 


Notes: 


1. 
2. 


3. 


The wavelength can be changed in special options. 
Far-field measurement with a glass cover over the LED array but without a 
mounted SELFOC® lens. 
Intensity Variation Max Values 
(a) Pixel intensity variation +20% 
(b) Group intensity variation +10% 

(average of 4 pixels versus adjacent group of 4) 

Eg. LED 1, 2, 3, 4, vs. 5, 6, 7, 8 

vs. 9, 10, 11, 12... 


Intensity Variation Max Values 
(a) Pixel intensity variation +20% 
(b) Group intensity variation +8% 
(average of 8 pixels versus adjacent group of 8) 
Eg. LED 1, 2, 3, 4, 5, 6, 7, 8 
vs. 9, 10, 11, 12, 18, 14, 15, 16 
vs. 17, 18, 19, 20, 21, 22, 23, 24 


Outline Drawings of LED Printheads 


300 DPI, 8.5 inches (A4 size) 


PIXEL ARRAY IMAGE CENTERLINE 









PIXEL 1 PIXEL 2592 


219.24 + 0.50 


295.5 + 0.25 


PHOTORECEPTOR PLANE 





ie STRAY i 


J STD. TOLERANCE = + 0.25 mm J2 


Frequency; Voltage 


LED Nominal 
Supply | Operating 
Current 
(mA/pixel) 


Clock 


(MHz) (volts) 





Custom Options 
Available 


. Upon request, the following 


wavelengths are available: 
660 nm and 710 nm for the 
A4 size 300 DPI; 660 nm, 685 
nm and 710 nm for the A3 
size 300 DPI, 406 DPI and 
480 DPI LED Printheads. 


."With/without" lens options 


and different types of lens 
options (SLA-20, SLA-12) are 
offered upon request for the 
LED Printheads. 


TAPPED M4x0.7 TWO PLACES 





17.9 TYP. 


Z(T.C.) 


j Z (REF.) 


Fs 
f: 
: 
ee 
5 
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300 DPI, 406 DPI, 480 DPI (All are 12 inches - A3 size) — = 


PIXEL #1 







351.97 






ARRAY LENGTH (SEE TABULATION)! 


N 
“Nawanenvennd 


85.0 


weeeen -- ¢ OF LED 
(£0.20 FROM THE 
POSITION OF HOLE) 






Peeenunaua 


heuunnuare’ 


N 


, 





TOP SURFACE ' 32.9 
OF LED t 
SECTION A-A ; ; 
SCALE: 2X ae 





SIGNAL CONNECTOR 
AMP #499894-4 OR 499895.4 POWER CONNECTOR 
AMP #173926-1 


NOTE: 1. HEXP-RTOO ... ARRAY LENGTH 304.0 +5 mm. 





300 DPI, 8.5 inches (Ad size) 800 DPI, 406 DPI, 480.DPI | 
12 inches (A3 size) — 


Future LED Printheads 


The following types of LED 
Printheads are in product 
development at Hewlett- 
Packard. Please contact your 
local Hewlett-Packard field 
sales engineer for more 
information. 


1. Large format: 2 foot and 3 
foot binary LED Printheads. 
2. Grayscale 400 DPI LED 
Printheads with the following 
features: 
a. 64 levels of gray (6 bits) 
b. +2% accuracy of exposure 
c. Exposed length of 306 mm 
(12 inches) or 4820 pixels 
d. Built in Light Output 
Power Monitor 
3. Narrow Profile Options 


LED Erase Bars 

The LED Erase Bar is an ideal 
illuminator source which is find- 
ing widespread application in 
the copiers and printers which 
use the electrophotographic 
process. Some of the advantages 
of LED Erase Bars include: 


. High reliability. 

. Uniformity of light output 

Compact size 

. Low voltage/low power 

. Addressability — Segmented 

and fully addressable erase 
bars allow precise, electronic 
control of which pixels are 
illuminated. 

6. Patented optical design — 
HP's design tailors the pixel's 
beam profile for optimal 
performance. 

7. Variety of wavelengths — The 
LED wavelength can be 
chosen to best match a 
photoreceptor's sensitivity. 

8. On-Board electronics — For 

high-density addressable 

erase bars, on-board custom 

LED driver ICs simplify the 

electronics interface. 


oP oN 


HP offers 3 families of LED Erase Bars: 





Choices of 





Wavelength 
Type of Emitted by 
Erase Bar Erase Function Erase Bar (nm) 












1. On/Off 











Pre-clean, Pre-transfer, 













655, 635, 


Interdocument 610, 565 
2. Addressable, Interdocument, Edge 655, 635, 
Segmented, Fade Out, Edit 610, 565 
10 DPI 
3. High Resolution, | Edit, Color highlight 655 





25 DPI, OBIC 





Hewlett-Packard LED Erase 
Bars employ a hybrid construc- 
tion consisting of LED dice, 
electronic components and 
optical elements in a compact 
assembly. The light from each 
LED pixel is focused to a sharp 
image at the specified working 
distance. This HP patented 
optical technique maintains 
high uniformity and very low 
stray light. 


Table 2 gives some of the 
optical/electrical parameters 
and characteristics of HP's LED 
Erase Bars. 
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Table 2. Optical/Electrical Characteristics at T, = 25°C. 

































































on 4a | Typical : Detector 
a Length Number| Light Peak Light Transverse| Height Radiant Test 
Wavelengt Output Beam ‘Above Output Current 
~-' (nm) —— ‘| (see Notes Width per LED 
| (See Note 1)| 2&3) (mm) 


1700 pW/em 
450 pW/em 
130 pW/em 
95 pW/em 


500 pW/em 
175 pW/cem 
50 pW/cm 
40 pW/em 


800 pW/em?. 











10 DPI 
Addressable 









25 DPI . 
Addressable 


Notes: 


1. As of this writing, not all products are released in all the wavelengths shown. 
2. The light output figures for on/off and 10 DPI addressable bars are given in pW/cm. This is the total radiometric flux emitted 


per unit of length of the bar. It is typically measured using a 1 mm x 20 mm slit detector oriented perpendicular to the length 
of the erase bar. 


3. The light output figure for 25 DPI addressable bars is an irradiance measurement, specified in yW/em?. This figure is 
computed by dividing the total flux emitted from a pixel by the area of its square projected image. That image area is defined 
by the 50% peak power points at the specified detector height above the LED array. | eo 


Custom Options 
Available 


HP can design and manufacture 
custom LED Erase Bars to 
different optical/electrical 
specifications and/or different 
mechanical designs from the 
ones shown. Please furnish a 
drawing and specification to 
your local HP field sales 
engineer. 


Outline Drawings of LED Erase Bars 
ON/OFF os ' -3.00 X 5.00 © 


< FB 
—— : 


—S 


15.52 9:02 





309.4 FIRST TO LAST LED 





316.09 





340.51 


DETAIL — ae 
aQ, 


3.54 
2.45 TYP., 2.0 MIN. 
nile a 
7 po TYP., 1.00 MAX. 
2.80 TYP., 3.5 MAX = , 
1.62 


1.52 MAX. 





DETAIL — A 


10 DPI Addressable 
































362.51 
14.272 
26.76 
5.00 1.053 —- er = 
0.197 2.50 ; 1.02 : 
0.098 TYPICAL, 123 PLACES 0.040 
fF: Se Tora gyn gaugTN Ta aET AT gaUS Hear naagadgr aan aces ioonanaanaeUanasoTninaTonnen TnaroueauussearennmaTTt | er— cca ——_{}, 
307.45 3.01 
21.81 0.119 





1.05 TO IMAGE PLANE 


| 
| 0.041 


—-- "9" 








25 DPI Addressable 
17.48 REF. (OVERALL LENGTH) 
CENTER OF 
0.146 MOUNTING HOLES LED NO. 352 THREADED MOUNTING HOLE CENTER OF 
4 PLACES 2-56, 2 PLACES LED NO. 1 


— 1.270 
14.040 LED ARRAY 
1,000 ACTIVE LENGTH 
0.718 
0.191 


| aac ___. 1.280 11 PLACES fal 0.280 
0.160 0.280 NON-CUMULATIVE 14 
—1.250 . 


CENTERLINE 
OF LEDS 








16.920 


Ote2 Oere | 0.18 DIA. MAX. 
(22) FASTENERS 1.760 0.315 
0.310 


NOTE: ALL DIMENSIONS ARE IN INCHES. m— 0.684 





PRODUCTS 


Z 
= 
3 
8 
8 
a 
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Future LED Erase Bars 


The following types of LED 
Erase Bars are in product 
development at Hewlett- 
Packard. Please contact your 
local Hewlett-Packard field 
sales engineer for more — 
information. | | 


1. Future LED Erase Bar 
designs driven by customers' 
needs. | : 

2. Anticipated variations 
including length, on-board 
electronics, optical 
performance, narrower 
mechanical profiles. 





Lip HEWLETT 


PACKARD 





406 DPI LED Optical 
Printhead 


Technical Data 


HEXP-RT00 


Features Applications 

e High Optical Power and e Electrophotographic 
Efficiency printers to over 100 pages/ 

¢ Electronically Trimmed minute 
and Programmed to e High performance editing 
Guarantee Excellent copiers , 
Uniformity 





e Universal printer/copiers | 





¢ Designed to Write Image or, High performance facsimile 
Background printers 
e Noise Tolerant Interface ¢ General purpose optical 
¢ High Data Input Rates Raster Output Systems 
e Custom Wavelengths 
Available 
Description 
The HEXP-RTO00 represents a 
12" LED optical binary Reliable operation in high speed 
printhead. Each printhead applications is achieved by a 
consists of: combination of conservative = 
¢ A 4864 x larray of LED pixels thermal design, efficient LED Se 
at a 406 dpi resolution materials, careful design of 53 
¢ Four serial data line inputs power distribution, and use of Se 
¢ A differential line interface individual precision current 5 
source drivers. ry 
Special Options: | 
¢ 660 nm and 710 nm peak ; : 
wavelengths are available Selection Guide 
upon request 406 dpi (16 dots/mm) Resolution 


¢ A selfoc lens can be provided 11.97 inches (304 mm) Image Width 


upon request 685 nm Wavelength HEXP-RT00 


Mechanical Drawing 





PIXEL #1 
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ARRAY LENGTH (SEE TABULATION)! 
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SCALE: 2X 
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SIGNAL CONNECTOR PIN 1 . 
AMP #499894-4 OR 499895-4 POWER CONNECTOR 
AMP #173926-1 


NOTE: 1. HEXP-RTOO... ARRAY LENGTH 304.0 +5 mm. 


Mechanical Characteristics 








Emitter Parameters 
Emitter Size 40 um+6um x 50 um+6um 
Emitter Pitch 62.5 um + 5 um 
Number of Emitters 4864 










Emitter Tolerances 








Emitter Pitch Error Ss 

a. XeChiptoChip — +10um 
b. Ye Chip to Chip | ; 25 um Max 
c. Ye Over Entire Head — 150 um Max 
Emitter Height Error 
a. Ze Chip to Adjacent Chip 25 um 






b. Ze Max to Min Over Entire Head 150 um 
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Orientation and Conventions 


A. Printhead Orientation 


EVEN SIDE 
PIXEL 2 PIXEL 4864 


wb 


CONNECTOR J1: DIGITAL SIGNALS 


CONNECTOR J2: POWER AND GROUND | PIXEL 4863 


Es 
| 
| 
| 
| 
| 
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| 
| 
| 
| 
| 
| 
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St es 
| een eee | 
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ODD SIDE 


Figure 1: Printhead Top Side View 


B. Connector Location and Orientation 


CLK+ 
LAT + 
NC 
DAT2+ 
DAT4+ 
DAT3+ 
DAT 1+ 


GND 
Voo 
Vpb 
GND 


=] NO W F&F 


J2 
AMP P/N 173926-1 


| a 
mi © 
+ 





me) 
Nn 
4 
+ 





J1 
AMP P/N 102155-4 


Figure 2: Connector Pinout Top Side View 


Specifications Summary 


Absolute Maximum Ratings* 
All voltages referenced to Gnd. Driver Outputs Not Enabled. 


DUDDIY VOMA BEV pi crsesdsadasaicycaacnessyesuisncestecmpeseanas seravseatanst -0.3 to 6.0 V 
Input Voltage, Any Pin to Ground... -0.3 to Vp) + 0.3: V 
Maximum Operating Duty Factor ................ccccscsscssesssesssssseseesceeees 38% 
Free Air Operating Temperature Range, T,.............+. +15°C to +43°C 
Operating Humidity (Non-condensing) ...................000008 5% to 90% RH 
Storage Temperature Range, T,........ -30°C to +65°C at 50% max RH 


*Permanent device failure may occur if parts are stressed beyond these limits. 
Device reliability may be affected by extended exposure to absolute maximum 
ratings. Functionality at or above these limits is not guaranteed. 
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Recommended Operating Conditions* 
Symbol =r 


*Recommended operating conditions define the limits between which the functionality of the product is guaranteed. 













Note: 
1. Power supply rise time to be less than 10 ms. 


Optical Characteristics* 


Output Characteristics 
(Vp = 5.0 V) | HEXP-RT00 


Light Wavelength 685 + 8nm 


Average Printhead Intensity 6.0 wW/sr/pixel Min 
8.0 pW/sr/pixel Typical 





*Unless specified otherwise, T, = 25°C and V,,,, = 5.0 volts. 


Intensity Variation : Max Values 
Pixel Intensity Variation | | +20% 


Group Intensity Variation (Average of 8 pixels vs. adjacent group of 8) | +8% 


Maximum Load Intensity Variation (One pixel on to same pixel with all pixels +2% 
on at time = 0*) | 








Thermally Induced Average Intensity Variation (Average intensity at time = 0* and +10% 
T, = 25°C, compared to average intensity at thermal equilibrium, 1/3 on, 38% DF, 


T, = 43°C, and minimum air flow = 600 liters/min) 






*Unless specified otherwise, T, = 25°C and V,,, = 5.0 volts. 


DC Characteristics Over Operating Range* 
Symbol | Minimum 


Pixel Current a mA, sax 
lih 44 
lil -56 ie 































(CLK+, LAT+, and DATA+) 
V+ = Vig, V- = Gnd 
V+ = Gnd, V-=V,, 

Input Current into V+ OE 

V+ = Vig, V- = Gnd 

V+= Gnd, V-=V 


Input Current into V+ RST 
V+ = Voc, V- = Gnd 
V+ = Gnd, V-=Vo, 


Hysteresis 











Input Differential Voltage 
mV 
mV 
Tih 44 
lil -61 


(CLK+t, LAT+, OE+ and DATA+t) 
and RST+ 
Hi Level (V+ - V-) 
56 mA 
-44 mA 
mA 
He mA 
lih 
lil 
Thy a 


Lo Level (V- - V+) 
Input Current into V+ 

*Unless specified otherwise, min/max limits apply across the temperature range and supply voltage range. All typical values 

are for T, = 25°C and V,,, = 5.0 volts. 





Note: 


1. Maximum peak current at thermal equilibrium (T, = 43°C, DF = 38%, 1/3 pixels on and a minimum air flow of 600 liters/ 
minute. 
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PRODUCTS 








AC Switching Characteristics Over Operating Range* 

















DR LO | (e 

[uke High ine | ty | SY 

a 

Fiestas ica a 

fies naey aaa —} 
LAT Inactive Before CLK ae i oe ae 
LAT Hold Low Time pot | 
OE. Active Delay After LAT ee ee ee ee 
OE Active Low Time a a ae 
Light Output Delay After SS ae ae 
OE Active | : toon 
Light Output Delay After fant. 8 
OE Disable tLorr 

_ Light Output Rise Time | ee ee re 
Light Output Fall Time | ote fo 





*Unless specified otherwise, min/max limits apply across the temperature range and supply voltage range. All typical values 
are for T, = 25°C and V,,,, = 5.0 volts. 


Timing Diagram 








CLK+ 
(1) (3) 


DATA+ 
(1) (2) 





TAT+ 
(1) (4) 


OE+ 
(1) 


tion > 


LIGHT OUTPUT 


tir = : tis — = 


(1) CLK-, DATA-, LAT- AND OE- HAVE INVERTED WAVEFORMS. 

(2) DATA+ IS REPRESENTATIVE OF DAT1+, DAT2+, DAT3+ AND DAT4+. 
(3) POSITIVE EDGE-TRIGGERED SIGNAL. 

(4) LEVEL-SENSITIVE SIGNAL. 
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Applications 


Because technology is growing and changing so rapidly, HP’s 
commitment to customers includes an extensive applications 
department. In an effort to anticipate design needs and answer 
design questions, this team of engineers has published a complete 


library of applications literature. 


All of the Application Notes, Bulletins and Technical Briefs listed 
here, are available from your local HP Sales Office or nearest HP 
Components Authorized Distributor or Representative (see section 
9), or by calling our Customer Information Center at 1-800-752- 


0900. 


Motion Sensing & 
Control Products 


AN 1011 | 
Design and Operational 
Considerations forthe _ 
HEDS-5000 Incremental 
Shaft Encoder 

This application note is directed 
toward the system designer 
using the HEDS-5000 and 
HEDS-6000 modular 
incremental shaft encoders. 
First the note briefly analyzes 
the theory of design and 
operation of the HEDS-5000 
and HEDS-6000. A practical 
approach to design considera- 
tions and an error analysis 
provide an in depth treatment 
of the relationship between _ 
motor mechanical parameters | 
and encoding error accumula- 
tion. Several design examples 
demonstrate the analysis. 
techniques presented. Operation 
considerations for assembly, — 
test, trouble shooting and repair 
are presented. Finally, some 
circuits and software concepts 
are introduced which will be 
useful in interfacing the shaft 
encoder to a digital or micro- 
processor based system. 
Appendix A summarizes the 
uses and advantages of various 


encoder technologies while 
Appendix B provides guidance 
for selecting DC motors 


suitable for use with the 
HEDS-5000 and HEDS-6000. 


Ordering No. 5953-9393 


AN 1025. 

Applications and Circuit 
Design for the HEDS-7500 
Series Digital 
Potentiometer | 
This application note demon- 


strates some of the uses for the | 


Hewlett-Packard HEDS-7500 
series digital potentiometer, 
explains how a digital poten- 
tiometer works, and explains 
some of the advantages of a 
digital potentiometer over a 
standard resistive potentiome- 


ter. In addition, this application 


note provides some examples of 
circuitry which will interface 
the digital potentiometer to a 
microprocessor, and provides 
mechanical design | 
considerations and available 
options for the HEDS-7500 
series digital potentiometer. 


Ordering No. 5954-8485 





AN 1032 

Design of the HCTL-1000’s 
Digital Filter Parameters by 
the Combination Method 
Digital closed loop motion control 
systems employing a dedicated 
IC as acontroller are becoming 
increasingly popular as a solution 


to the need for controlled velocity 


and positioning systems. 
Hewlett-Packard’s HCTL-1000 is 
a general purpose motion control 
IC which has been designed for 


_ this type of closed loop systems. 
_A digital compensator has been 


designed into the HCTL-1000 to 
provide a stable response to an 
input command. This application 
note explains how the combina- 
tion method can be used for 
calculation of the HCTL-1000’s 
digital compensation filter 
parameters to provide a stable, 


_.closed loop position control 


system. 


Ordering No. 5954-8455 


Light Bars & Bar Graph 
Arrays 


AN 1007 

Bar Graph Array 
Applications 

This application note begins 
with a description of the 
manufacturing process used to 
construct the 10 element array. 
Next is a discussion of the 
package design and basic 
electrical configuration and how 
they affect designing with the 
bar graph array. Mechanical 
information including pin 
spacing and wave soldering 
recommendations are made. 


Display interface techniques of 
two basic types are thoroughly 
discussed. The first of these two 
drive schemes is applicable in 
systems requiring display of 
analog signals in a bar graph 
format. The second major drive 
technique interfaces bar graph 
arrays in systems where the 
data is of a digital nature. 
Examples of microprocessor 
controlled bar graph arrays are 
presented. 


Summarized for the design 
engineer are tables of available 
integrated circuits for use with 
bar graph arrays. Finally, a list 
of recommended filters is 
included. 


Ordering No. 5953-0452 


AN 1012 

Methods of Legend 
Fabrication 

Hewlett-Packard LED Light 
Bar Modules inscribed with 
fixed messages or symbols can 
be used as economical annuncia- 
tors. Annunciators are often 
used in front panels to convey 
the status of a system, to 
indicate a selected mode of 
operation, or to indicate the 
next step in a sequence. This 
application note discusses 
alternative ways the message or 


symbols (legends) can be 
designed. A selection matrix is 
provided to assist in the selec- 
tion of the most appropriate 
method of legend fabrication. 
Each fabrication method is 
explained in detail along with 
mounting and attachment 
techniques. Finally, prevention 
of cross-talk is discussed for 
legend areas of a multi- 
segmented light bar. 


Ordering No. 5953-0478 


Solid State Lamps 


AB 74 

Option 002 Tape and Reel 
LED Lamps 

Hewlett-Packard Option 002 
tape and reel LED lamps have 
straight leads on standard 2.54 
mm (0.100 inch) center spacing. 
These lamps may be auto- 
inserted into printed circuit 
boards with most radial auto- 
insertion equipment. However, 
it is important to have the 
proper plated through hole size 
and spacing, in the printed 
circuit to assure high insertion 
yields. 


This application bulletin details 
the specific information on the 
printed board plated through 
hole size, spacing, and 
tolerances necessary to assure 
high insertion yields of Option 
002 LED lamps with 0.46 mm 
(0.018 inch) square leads. 


Ordering No. 5954-8402 


AN 1005 

Operational Considerations 
for LED Lamps and Display 
Devices 

In the design of a display 
system which incorporates LED 
lamps and display devices, the 
objective is to achieve an 
optimum between light output, 
power dissipation, reliability, 
and operating life. The perform- 


ance characteristics and 
capabilities of each LED device 
must be known and understood 
so that an optimum design can 
be achieved. The primary source 
for this information is the LED 
device data sheet. The data 
sheet typically contains 
Electrical/Optical Characteris- 
tics that list the performance of 
the device and Absolute 
Maximum Ratings in conjunc- 
tion with characteristic curves 
and other data which describe 
the capabilities of the device. A 
thorough understanding of this 
information and its intended 
use provides the basis for 
achieving an optimum design. 
This application note presents 
an in-depth discussion of the 
theory and use of the electrical 
and optical information 
contained within a data sheet. 
Two designs using this informa- 
tion in the form of numerical 
examples are presented, one for 
dc operation and one for pulsed 
(strobed) operation. 


Ordering No. 5953-0419 


AN 1017 

LED Solid State Reliability 
Light emitting diode display 
technology offers many 
attractive features including 
multiple display colors, sunlight 
readability, and a continuously 
variable intensity adjustment. 
One of the most common 
reasons that LED displays are 
designed into an application, 
however, is the high level of | 
reliability of the LED display. 
Hewlett-Packard has taken a 
leadership role in setting 
reliability standards for LED | 
displays and documenting 
reliability performance. 
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This note explains how to use 
the reliability data sheets 
published for HP LED indicators 
and displays. It describes the 
LED indicator and display 





packages, defines device 
failures, and discusses parame- 
ters affecting useful life, failure 
rates, and mechanical test 
performance. 


Ordering Number 5953-7784 


AN 1021 7 

Utilizing LED ane. 
Packaged on Tape and Reel 
Hewlett-Packard offers many of 
its LED lamps packaged on tape 
and reel for radial insertion by 
automatic equipment during 
high volume production of PC 
board assemblies. 


This application note is a guide 
to the use of tape and reel LED 
lamps in the automatic 
insertion process. Discussed are 
the LED lamp tape and reel 
configuration, the radial lead 
insertion process, PC board 
design considerations, a method 
to maintain LED lamp align- 
ment during soldering, and 
lamp stand-off height 
information. 


AN 1027 

Soldering LED Components 
The modern printed circuit 
board is assembled with a wide 
variety of semiconductor 
components. These components 
may include LED lamps and 
displays in combination with 
other components. The quantity 
of solder connections will be 
many times the component 
count. Therefore, the solder _ 
connections must be good on the 
first pass through the soldering 
process. The effectiveness of the 
soldering process is a function of 
the care and attention paid to 
the details of the process. It is 
important for display system 
designers and PC board assem- 
bly. engineers to understand the 
aspects of the soldering process 
and how they relate to LED 
components to assure high 
yields. 


This application note provides 
an in-depth discussion on the 
aspects of the soldering process 
and how they relate to LED 
lamps and display components, 
with the objective of being to 
serve as a guide towards 
achieving high yields for Séiner 
connections. 


Ordering No. 5954-0893 


AN 1028 

Surface Mount 
Subminiature LED Lamps 
Modern printed circuit boards 
are being assembled with 
surface mounted components, 
replacing through hole mounted 
components in many traditional 
applications. Hewlett-Packard 
has surface mount options for 
its HLMP-6000/7000 series of 
subminiature LED lamps, 
Options 011 and 013 for “gull 
wing” leads, and Option 021 for 
“yoke” leads, forinverted 
mounting. 


This application note provides 
information on how to surface 
mount and vapor phase reflow 
solder these surface mount 
subminiature LED lamps. 


Ordering No. 5954-0902 


Solid State Displays 


AN 1006 

Seven Segment LED Display 
Applications 

This application note begins 
with a detailed explanation of 
the two basic product lines that 
Hewlett-Packard offers in the 
seven segment display market. 
This discussion includes 
mechanical construction 
techniques, character heights, 
and typical areas of application. 
The two major display drive 
techniques, dc and strobed, are 
covered. The resultant tradeoffs 
of cost, power, and ease of use 


are discussed. This is followed 
by several typical instrument 
applications including counters, 
digital voltmeters, and micro- 
processor interface applications. 
Several different microprocessor 
based drive techniques are 
presented incorporating both | 
the monolithic and the large 
seven segment LED displays. 


The application note contains a 
discussion of intensity and color 
considerations made necessary 
if the devices are to be end 
stacked. Hewlett-Packard has 
made several advances in the 
area of sunlight viewability of 
LED displays. The basic theory 
is discussed and recommenda- 
tions made for achieving | 
viewability in direct sunlight. 
Information concerning display 
mounting, soldering, and 
cleaning is presented. Finally, 
an extensive set of tables has 
been compiled to aid the 
designer in choosing the correct 
hardware to match a particular 
application. These tables 
include seven segment decoder/ 
drivers, digit drivers, LSI chips 
designed for use with LEDs, 
printed circuit board edge 
connectors, and filtering 
materials. 


Ordering No. 5953-0439 


AN 1015 

Contrast Enhancement 
Techniques for LED 
Displays 

Contrast enhancement is 
essential to assure readability of 
LED displays in a variety of 
indoor and outdoor ambients. 
Plastic filters are typically used 
for contrast enhancement with 
indoor lighting and glass 
circular polarized filters are 
typically used to achieve 
readability in sunlight 
ambients. 


This application note discusses 
contrast enhancement technol- 
ogy for both indoor and outdoor 
ambients, the theory of 
Discrimination Index and 
provides a list of tested contrast 
enhancement filters and filter 
manufacturers. 


Ordering No. 5953-7788 


AN 1016 

Using the HDSP-2000 
Alphanumeric Display 
Family 

The HDSP-2000 family of 
alphanumeric display products 
provides the designer with a 
variety of easy-to-use display 
modules with on board 
integrated circuit drivers. The 
HDSP-2000 family has been 
expanded to provide three 
display sizes with character 
heights ranging from 3.8 mm 
(0.15 in.) to 6.9 mm (0.27 in.), 
four display colors, and both 
commercial and military 
versions. These displays can be 
arranged to create both single 
line and multiple line 
alphanumeric panels. 


This note is intended to serve as 
a design and application guide 
for users of the HDSP-2000 
family of alphanumeric display 
devices. It covers the theory of 
the device design and operation, 
considerations for specific 
circuit designs, thermal 
management, power derating 
and heat sinking, and intensity 
modulation techniques. 


Ordering No. 5953-7787 


AN 1026 

Designing with Hewlett- 
Packard’s Smart Display - 
the HPDL-2416 

The trend in LED 
Alphanumeric displays is to 
simplify a designer’s job as 
much as possible by incorporat- 
ing on board character storage, 
ASCII character generation, 
and multiplexing within the 
display. The HPDL-2416 is a 
four character alphanumeric 
display which incorporates a 64 
character ASCII decoder and an 
on board CMOS IC to perform 
these functions. This application 
note is intended to serve as a 
design and application guide for 
users of the HPDL-2416. The 
information presented will cover 
electrical description, electrical 
design considerations, interfac- 
ing to micro-processors, pre- 
programmed message systems, 
mechanical and electrical 
handling, and contrast 
enhancement. 


Ordering No. 5954-0886 


AN 1029 

Luminous Contrast and 
Sunlight Readability of the 
HDSP-238X Series LED 
Alphanumeric Displays for 
Military Applications 
Military specifications for 
avionics and other kinds of elec- 
tronics that require readability 
in sunlight use specific defini- 
tions for luminous contrast. The 
concept of chrominance contrast 
and the theory of Discrimi- 
nation Index (see Hewlett- 
Packard Application Note 1015) 
are not used by the military as a 
means of determining 
readability in sunlight. Thus, 
the military requirements for 
readability in sunlight are 
based solely on luminous 
contrast measurements. This 
application note discusses the 


luminous contrasts used by 
military specifications, describes 
anti-reflection/circular polarized 
filters designed for use with the 
HDSP-238X series sunlight 
viewable LED displays, and 
presents luminous contrast data 
for various HDSP-238X a 
filter combinations. 


Ordering No. 5954-0923 


AN1030 

LED Displays and Indicators 
and Night Vision Imaging 
System Lighting 

This application note introduces 
the concept of night vision 
imaging. It discusses GEN II 
and GEN III ANVIS and Cat’s 
Eyes night vision goggles. NVG 
compatibility problems and 
compatible lighting objectives 
for aircraft cockpits are dis- 
cussed. It illustrates the use of 
NVG filters with high perform- 
ance green and yellow LEDs to 
obtain NVG compatibility. 
Various aspects of MIL-L- 
85762A, as they apply to LEDs, 
are discussed. Calculated NVIS 
Radiance values are presented 
for high performance green and 
yellow LED/NVG/DV filter 
combinations. A discussion of 
the U.S. Army’s NVG Secure 
Lighting Program and the 
objectives of the CECOM SOW 
are included. Information on 
dimming LED displays is 
presented. Daylight readability 
with NVG/DV filters is also 
discussed. 


Ordering No. 5954-2245 
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AN 1031 

Front Panel Desi 

In many applications designers 
are faced with the problem of 
how to match the perceived 
brightness of an assortment of 
seven segment displays, light 
bars, linear arrays, and lamps 
on the same front panel. To 
simplify this problem Hewlett- 
Packard has introduced S02 . 
option selected parts. S02 option 
selected parts provide a 
restricted range of luminous 
intensity for a given part 
number. This application note is 
written as a design guide to 
matching the perceived 
brightness of LED displays and 
lamps on a front panel. The 
procedure shown in the 
application note will enable the 
designer to calculate the needed 
display drive currents (either dc 
or pulsed) for a given ambient 
light level and specified filter. 
Two technques are explained. 
The first is how to calculate the 
drive currents to insure 
minimum acceptable brightness. 
The second is how to calculate 
the drive currents to match the 
display on the front panel to a 
known display. 


Ordering No. 5954-0933 


AN 1033 

Designing with the HDSP- 
211X Smart Display Family 
Hewlett-Packard’s smart 
alphanumeric display, the 
HDSP-211X, is built to simplify 
the user’s display design. Each 
HDSP-211X has an onboard 
CMOS IC which displays eight 
characters. All of the IC 
features are software driven. 
These features include 128 
character ASCII decoder, 16 
user-defined symbols, seven 
brightness levels, flashing 


characters, a self test, and all of 
the circuitry needed to decode, 
drive, and refresh eight 5 x 7 
dot matrix characters. 


This application note discusses 
how to interface the HDSP- 
211X display to either a 
Motorola 6808 or an Intel 8085 
microprocessor. A 32 character 
display interface is explained 
for each microprocessor. The 
note includes a detailed 
description of the hardware and 
software. The software 
illustrates how the user-defined 
symbols and a string of ASCII 
characters are loaded into the 
display. 


Ordering No. 5954-8424 


AN 1039 

Dimming HDSP-213X 
Displays to Meet Night 
Vision Lighting Levels 
Abstract 

For normal operation, the seven 
programmable dimming levels 
available with the HDSP-213X 
military grade displays are 
sufficient. However, the 
displays must be dimmed well 
below the lowest available on- 
board programmable dimming 
level to meet the requirements 
for night vision imaging system 
(NVIS) lighting. This applica- 
tion note describes a circuit that 
will dim HDSP-213X displays to 
luminance levels sufficient to 
meet NVIS lighting 
requirements. 


Ordering No. 5952-0708 


Fiber Optics 


AB 65 : 

Using 50/125 pm Optical 
Fiber with Hewlett-Packard 
Components | 
Applications Bulletin 65 
explains factors that influence 
the power coupled into various 
fiber diameters and numerical 
apertures. Test results showing 
coupled power from HP LED 
sources into 100/140 p metre 
and 50/125 p. metre fiber are 
included. 


Ordering No. 5953-9370 


AB 71 

200-um PCS Fiber with 
Hewlett-Packard Fiber- 
Optic Transmitters and 
Receivers 

A description of the properties 
of 200-um PCS fiber is given 
and the performance when used 
with Hewlett-Packard fiber 
optic components is described in 
the form of graphs and tables. 


Ordering No. 5954-1021 


AB 73 

Low-cost Fiber-Optic 
Transmitter and Receiver 
Interface Circuits 

This bulletin provides 
assistance in designing circuits 
to interface Hewlett-Packard 
HFBR-0400 low-cost miniature 
fiber-optic components with 
TTL I/O for applications at data 
rates up to 35 MBD. The TTL 
T,/R, circuits presented in this 
applications bulletin have been 
designed, built, and tested. 
They are suitable for a wide 
range of applications. The 
HFBR-0400 fiber-optic 
components are compatible with 
either SMA or ST style connec- 
tors. The concepts illustrated in 
this bulletin are applicable to 
both types. 


Ordering No. 5954-8415 


AB78 

Low-Cost Fiber-Optic Links 
for Digital Applications up 
to 150 MBd 

The HFBR-2406 and HFBR- 
2416 are high-speed, low-cost 
linear light-to-voltage converters 
with typical bandwidths of 125 
MHz. These components can be 
used to make fiber-optic links 
for both analog and digital 
applications. Since the range of 
possible uses is so varied, this 
Application Bulletin concen- 
trates on a specific digital 
application. The application is 
one of the most prevalent for the 
HFBR-24X6: the transmission 
of encoded digital signals, 
otherwise known as run-length 
limited* data. 


Ordering No. 5954-8478 


AN 1022 

High Speed Fiber-Optic Link 
Design with Discrete 
Components 

As the technology of fiber-optic 
communication matures, design 
considerations for large volume 
applications focus as much on 
cost and reliability as band- 
width and bit-error-rate. This 
application note describes a 100 
MBd fiber-optic communication 
link which was implemented 
with low-cost, non-exotic 
technology, including LED 
transmitter, PIN photodiode 
detector, off-the-shelf ICs, and 
discrete components, laid out on 
epoxy-glass circuit boards. 


Ordering No. 5954-0979 


AN 1035 

Versatile Link 

The Versatile Link Application 
Note describes how fiber optics 
can be used to solve different 
types of application problems, 
introduces Hewlett-Packard’s 
Versatile Link plastic fiber-optic 
components, and shows how to 
design a working fiber-optic link 
using the Versatile Link. It also 
includes several additional 
application circuits to help the 
designer obtain maximum 
performance from the Versatile 
Link 


Ordering No. 5954-2191 


AN 1038 | 

Low Cost Components for 
IEEE 802.3 Fiber-Optic 
Inter-Repeater Links 

The HFBR-0400 family of low 
cost high performance com- 
ponents can be combined with 
inexpensive support circuits to 
construct the Fiber-Optic Inter- 
Repeater Links (FOIRL) 
described in the IEEE 802.3 
standard. The recommendations 
shown in this Application Note 
can also be used to construct 20 
MEd optical links which are 
suited for a variety of point-to- 
point data communication 
applications. 


Ordering No. 5954-2215 


TB 101 

Fiber-Optic SMA Connector 
Technology 

Technical Brief 101 discusses 
tradeoffs between various SMA 
connector techniques and 
provides a contact matrix of 
manufacturers versus SMA 
connector type. 


Ordering No. 5954-1004 


TB 102 

Fiber/Cable Selection for 
LED Based Local 
Communications Systems 
Technical Brief 102 is intended 
to assist the first time user of 
fiber optics with the selection of 
a fiber cable that best meets 
desired system requirements. 
Issues discussed in Technical 
Brief 102 include: Tradeoffs 
between various fiber types, the 
effect of LED emitters on fiber 
performance, coupled power 
versus numerical aperture and 
factors that influence cable 
selection. A contact matrix that 
lists fiber cable manufacturers 
versus cable type is also 
included. 


Ordering No. 5954-1004 


TB 104 

Baseband Video 
Transmission with Low Cost 
Fiber-Optic Components 

The transmission of video signals 
over fiber-optic links offers 
several advantages relative to 
comparable wire distribution 
systems. Technical Brief 104 
describes simple T/R, circuits 
providing 20 MHz, 3 dB band- 
width for high resolution analog 
video transmission. _ 


Ordering No. 5954-1025 


TB 105 

ST Connector/Cable Guide 

A fairly recent development by 
AT&T is the ST* Connector, 
and its rapid acceptance by 
users of fiber-optic components 
is an indication that it may soon 
become a standard connector. 


Technical Brief 105 provides a 
quick comparison between the 
SMA and the ST style connec- 
tor. A table at the end lists some 
suppliers of the ST style 
connectored cables. 


er 
<< 
Q 
—dA 
a 
a. 
< 





Ordering No. 5954-8436 


Optocouplers 


AN 69 

CMOS Circuit Design Using 
Hewlett-Packard 
Optocouplers _ 

Within this application bulletin 
are CMOS isolation interface 
circuits for use with the various 
low input current, Hewlett- 
Packard optocouplers, 
specifically, the HCPL-2200/ 
2300/2731 and 6N139 devices. 
Advantages of and recommen- 
dations for different input and 
output circuit configurations 
are given in tabular form for low 
power operation at various 
signalling rates. a 


Ordering No. 5953-9384 


AN 947 

Digital Data Transmission 
Using Optically Coupled 
Isolators | 
Optocouplers make ideal line | 
receivers for digital data 
transmission applications. They 
are especially useful for elimin- 
ation of common mode interfer- 
ence between two isolated data 
transmission systems. This — 
application note describes 
design considerations and _ 
circuit techniques with special 
emphasis on selection of line 
drivers, transmission lines, and 
line receiver termination for 
optimum data rate and common 
mode rejection. Both resistive 
and active terminations are 
described in detail. Specific 
techniques are described for 
multiplexing applications, and 
for common mode rejection and 
data rate enhancement. 


Ordering No. 5954-7759 


AN 951-1 

Applications for Low Input 
Current, High Gain 
Optocouplers 

Optocouplers are useful in line 
receivers, logic isolation, power 
lines, medical equipment, and 
telephone lines. This note 
discusses use of the 6N138/9 
series high CTR optocouplers in 
each of these areas. | 


Ordering No. 5953-8430 


AN 951-2 ; 
Linear Applications of 
Optocouplers 

Although optocouplers are not 
inherently linear, the separate 
photodiodes used in Hewlett- 
Packard optocouplers provide 
better linearity as well as 
higher speed of response than 
phototransistor detectors. 


Linearity enhancement by use 
of paired optocouplers is 
described with specific circuit 
examples offering DC-to-25 KHz 
response. These examples 
illustrate the relative merits of 
differential and servo 
techniques. 


A circuit with linear AC 
response to 10 MHz is also 
described for analog optocoup- 
lers having the photodiode 
terminals externally accessible. 


Digital techniques of voltage-to- 
frequency conversion and pulse 
width modulation are discussed. 
Their linearity is quite 
independent of optocoupler 
linearity but require use of high 
speed optocouplers for ww 
distortion. 


Ordering No. 5954-8430 


AN 1002 

Consideration of CTR 
Variations in Optocoupicr: 
Circuit Designs | 

A persistent, and sometimes 
crucial, concern of designers 
using optocouplers is that of the 
current transfer ratio, CTR, 
changing with time. The 
change, or CTR degradation, 
must be accounted. for if long, 
functional lifetime of a system is 
to be guaranteed. This 
application note will discuss a 
number of different sources for 
this degradation. 


Ordering No. 5953-7799 


AN 1004 

Threshold Sensing for 
Industrial Control Systems 
with the HCPL-3700 
Interface Optocoupler 
Interfacing from industrial 
control systems to logic systems 
is a necessary operation in order 
to monitor system progress. 
This interfacing is found if 
process control systems, 
programmable controllers, 
microprocessor subsystems 
which monitor limit and prox- 
imity switches, environmental 
sensors and ac line status; in 
switching power supplies for 
detection of ac power loss; in 
power back up systems which 
need an early warning of power 
loss in order to save special 
microprocessor memory 
information or switch to battery 
operation, etc. Applications of 
the HCPL-3700 interface 
optocoupler are addressed in 
this note. The isolation and 
threshold detection capability of 
the HCPL-3700 allows it to 
provide unique features which 
no other optocoupler can 
provide. Addressed in this note 
are the advantages of using this 
optocoupler for isolating 
systems as well as the device 
characteristics, dc/ac 
operational performance with 


and without filtering, simple 
calculations for setting desired 
thresholds, and four typical 
application examples for the 
HCPL-3700. Additional 
coverage is given to protection 
considerations for the optocoup- 
ler from the standpoint of power 
transients, thermal conditions, 
and electrical safety require- 
ments of the industrial control 
environment. | 


Ordering No. 5953-0406 


AN 1018 

Designing with the HCPL- 
4100 and HCPL-4200 
Current Loop Optocoupler 
Digital current loops provide 
unique advantages of large 
noise immunity and long 
distance communication at low 
cost. Applications are wide and 
varied for current loops, but one 
of the critical concerns of a loop 
system is to provide a predict- 
able, reliable, and isolated 
interface with the loop. The 
HCPL-4100 (transmitter) and 
HCPL-4200 (receiver) optocoup- 
lers provide for easy interfacing 
to and from a current loop with 
minimal design effort. Within 
this application note a complete 
description of the HCPL-4100/ 
4200 devices is given along with 
applications for digital, 20 mA, 
simplex, half duplex, and full 
duplex loops. These loops can be 
either point-to-point or multi- 
drop configurations. Factors 
which affect data performance 
are discussed. Circuit arrange- 
ments with specific data 
performance are given in 
graphical and tabular form. 


Ordering No. 5953-9359 


AN 1023 

Radiation Immunity of 
Hewlett-Packard 
Optocouplers 

Opening with a quotation from 
MIL-HDBK-279 describing 
optocouplers containing photo- 
diodes as superior to optocoup- 
lers containing phototransistors, 
the text describes the properties 
of ionizing radiation (particles 
and photons) and how it affects 
the performance of optocouplers. 
Graphs show degradation of 
CTR (Current Transfer Ratio) in 
the 6N140 as a function of 
gamma total dose (up to 1000 
rad [Si] and as a function of 
total neutron fluence (up to 

6 x 1012 n/cm2). A table gives 
radiation hardness 
requirements for various 
military requirements. 


Ordering No. 5954-1003 


AN 1024 

Ring Detection with the 
HCPL-3700 Optocoupler 
With the increased use of 
modems, automatic phone 
answering equipment, private 
automatic branch exchange 
(PABX) systems, etc., low-cost, 
reliable, isolated ring detection 
becomes important to many 
electronic equipment manufac- 
turers. This application note 
addresses the definition of 
ringing requirements (U.S.A. 
and Europe), applications of the 
HCPL-3700 optocoupler as a 
simple, but effective, ring 
detector. A design example is 
shown with calculations to 
illustrate proper use of the 
HCPL-3700. Features which are 
integrated into the HCPL-3700 
provide for predictable 


detection, protection and 


isolation when compared to 
other optocoupler techniques. 


Ordering No. 5954-1006 


8-9 


AN 1036 

Solid State Relay 
Introduction and 
Applications 

A brief opening describes SSRs 
(Solid State Relays), their 
advantages relative to EMRs 
(Electro Magnetic Relays); and 
their classification according to 
contact characteristics. There 
follows a description of HSSR- 
8200 “control” and “contact” 
properties. Arrangement of the 
contacts for signal switching, 
multiplexing, gain switching, 
and low-level sensing are 
discussed. Circuit suggestions 
and design rules are given for 
operation of the “control” LED. 
Schematics and design rules for 
overvoltage protection of the 
open contacts are presented. 


Ordering No. 5954-2200 


TB 103 

High Speed Optocouplers vs. 
Pulse Transformers 

For high speed signaling with 
Ground loop isolation, pulse 
transformers are often used. 
Here are summarized briefly 
the difficulties encountered in 
the use of pulse transformers, 
such as rise-time, sag, and 
interwinding capacitance. A 
table summarizes the 
parameters of Hewlett-Packard 
optocouplers designed for high 
speed signaling. A second table 
summarizes the advantages of 
using these optocouplers instead 
of pulse transformers. 
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Ordering Information, 
After Sales Service 


How to Order 


To order any component in this 
catalog or additional applica- | 
tions information, call the HP 
office nearest you and ask for a 
Components representative. A. 
complete listing of the U.S. 
sales offices is on page 9-7; 
offices located outside of the 
U.S. are listed on page 9-8. 


A world-wide listing of HP 
authorized distributors is on 
page 9-3. These distributors can 
offer off-the-shelf delivery for 
most HP components. 


If you need technical assistance, 


please call our Customer 
Information Center at 


mmm 1-300-752-0900. 


Warranty 
HP's Components are war- 


ranted against defects in 
‘material and workmanship for 


a period of one year from the 
date of shipment (in the case of 
designated Fiber Optic 
products, 90 days from the date 
of shipment). If HP receives’ 


_ notice of such defects during the 


warranty period, HP will repair 


or, at its option, replace compo- 


nents that prove to be defective 
in material or workmanship 


‘under proper use during the. 


warranty period. This warranty 
extends only to HP customers. 


NO OTHER WARRANTIES 


ARE EXPRESSED OR 


IMPLIED. HP SPECIFICALLY _ 
_ DISCLAIMS THE IMPLIED 


WARRANTIES OF 


MERCHANTABILITY AND 


FITNESS FOR A PARTIC- 
ULAR PURPOSE. 
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THE REMEDIES PROVIDED 
HEREIN ARE BUYER'S SOLE 
AND EXCLUSIVE REMEDIES. 
HP SHALL NOT BE LIABLE 
FOR ANY DIRECT, INDIRECT, 
SPECIAL, INCIDENTAL, OR 
CONSEQUENTIAL 
DAMAGES, WHETHER 
BASED ON CONTRACT, 
TORT, OR ANY OTHER 
LEGAL THEORY. 


The foregoing limitation of 
liability shall not apply in the 
event that any HP product sold 
hereunder is determined by a 
court of competent jurisdiction 


~ to be defective and to have 


directly caused bodily injury, 
death, or property damage; 


provided, that in no event shall 


HP's liability for property 
damage exceed the greater of 


_ $50,000 or the purchase price of 
the specific product that caused 


such damage. 


United States 


Alabama 


Hall-Mark Electronics 
4900 Bradford Drive 
Huntsville 35805 
(205) 837-8700 


Hamilton/Avnet 

4940 Research Drive N.W. 
Huntsville 35805 

(205) 837-7210 


Schweber Electronics 

4910 Corporate Drive, Suite J 
Huntsville 35805 

(205) 895-0480 


Arizona 


Hall-Mark Electronics 
4637 S. 36th Place 
Phoenix 85040 

(602) 437-1200 


Hamilton/Avnet 

30 S. McKemy Road 
Chandler 85226 
(602) 961-6400 


Schweber Electronics 
2415 W. Erie Drive 
Tempe 85282 

(602) 431-0030 


California 


Hall-Mark Electronics 

9420 Topanga Canyon Blvd. 
Chatsworth 91331 

(818) 773-4500 


Hall-Mark Electronics 
1 Mauchly 

Irvine 92718 

(714) 727-6000 


Hall-Mark Electronics 

580 Menlo Drive, Suite 2 
Rocklin 95677 (Sacramento) 
(916) 624-9781 


Hall-Mark Electronics 
3878 Ruffin Road 

San Diego 92123 
(619) 268-1201 


Hall-Mark Electronics 
2105 Lundy Avenue 
San Jose 95131 

(408) 432-4000 


Hamilton/Avnet 
21150 Califa Street: 
Woodland Hills 91367 
(818) 594-0404 


Hamilton/Avnet 
3170 Pullman Street 
Costa Mesa 92626 
(714) 641-4199 


HP Components 


Authorized Distributor 
and Representative Directory 


Hamilton/Avnet 

Southwest Regional Stocking Center 
350 McCormick Avenue 

Costa Mesa 92626 

(714) 754-6100 


Hamilton/Avnet (Corp) 
10950 W. Washington Blvd. 
Culver City 90230 

(213) 558-2000 


Hamilton/Avnet 

1361 “B” West 190th Street 
Gardena 90248 

(213) 217-6700 


Hamilton/Avnet 
4103 Northgate Blvd. 
Sacramento 95834 
(916) 925-2216 


Hamilton/Avnet 

4545 Viewridge Avenue 
San Diego 92123 

(619) 571-7510 


Hamilton/Avnet 
1175 Bordeaux Drive 
Sunnyvale 94086 
(408) 743-3300 


Schweber Electronics 
26707 W. Agoura Road 
Calabasas 91302 
(818) 880-9686 


Schweber Electronics 
6 Cromwell, Suite 100 
Irvine 92718 

(714) 587-0404 


Schweber Electronics 

3265 Ramos Circle, Suite 100 
Sacramento 95827 

(916) 364-0222 


Schweber Electronics 
5575 Ruffin Rd. 
Suite 250 

San Diego 92121 
(619) 432-7171 


Schweber Electronics 
90 East Tasman Drive 
San Jose 95134 

(408) 432-7171 


Colorado 


Hall-Mark Electronics 
12503 East Euclid Dr. 
Suite 20 

Englewood 80111 
(303) 790-1662 


Hamilton/Avnet 
9605 Maroon Circle 
Suite 200 
Englewood 80112 
(303) 799-7800 


Schweber Electronics 
61 Inverness Drive East 
Suite 105 

Englewood 80112 

(303) 799-0258 


Connecticut 


Hall-Mark Electronics 

615 West Johnson Ave., Bldg. #3 
Cheshire 06410 

(203) 271-2844 


Hamilton/Avnet 
Commerce Drive 
Commerce Industrial Park 
Danbury 06810 

(203) 797-2800 


Schweber Electronics 
115 Hurley Farms 
Oxford 06483 

(203) 264-4700 


Florida 


Hall-Mark Electronics 

489 Semoran Blvd. 

Suite 145 

Casselberry 32707 (Orlando) 
(407) 830-5855 


Hall-Mark Electronics 

10491 72nd St. North 

Largo 34647 (Tampa Bay) 
(813) 541-7440 


Hall-Mark Electronics 


3161 S.W. 15th St. (McNabb Road). 


Pompano Beach 33069-4806 (Ft. 
Lauderdale) 
(305) 971-9280 


Hamilton/Avnet 
6801 N.W. 15th Way 
Ft. Lauderdale 33309 
(407) 971-2900 


Hamilton/Avnet 

4247 Tech Drive North 
St. Petersburg 33702 
(813) 572-4346 


Hamilton/Avnet 

7079 University Blvd. 
Winter Park 32792 
(407) 628-3888 


(Orlando) 


Schweber Electronics 
317 S. North Lake Blvd. 
Suite 1024 

Altamonte Springs 31701 
(407) 331-7555 


Schweber Electronics 

1200 N. Newport Center Drive 
Deerfield Beach 33442 

(305) 421-6633 


Georgia 

Hall-Mark Electronics 
6410 Atlantic Boulevard 
Suite 115 

Norcross 30071 

(404) 447-8000 
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Hamilton/Avnet 

5825 D. Peachtree Corners East 
Norcross 30092 

(404) 447-7500 


Schweber Electronics 

20 Technology Parkway South — 
Suite 375 

Norcross 30092 

(404) 449-9170 


Illinois 


Hall-Mark Electronics 
210 Mittel Drive 
Wood Dale 60191 
(312) 860-3800 


Hamilton/Avnet 

1130 Thorndale Avenue 
Bensenville 60106 

(616) 243-8805 


Newark Electronics 

4801 N. Ravenswood Ave. 
Chicago 60640-4496 
(1-800) 367-3573 


Schweber Electronics 
945 N. Plum Grove Road 
Suite A-G 

Schaumberg 60173 

(708) 330-3722 


Indiana 


Hall-Mark Electronics 
4275 W. 96th Street 
Indianapolis 46268 
(317) 872-8875 


Hamilton/Avnet 
485 Gradle Drive 
Carmel 46032 
(317) 844-9533 


Schweber Electronics 
9265 Counselors Row 
Suite 100 
Indianapolis 46240 
(317) 843-1050 


Iowa 


Hamilton/Avnet 

915 33rd Avenue S.W. 
Cedar Rapids 52404 
(319) 393-0033 


Schweber Electronics 

5270 North Park Place N.E. 
Cedar Rapids 52402 

(319) 373-1417 


Kansas 


Hall-Mark Electronics 
10809 Lakeview Drive 
Lenexa 66215 

(913) 888-4747 — 


Hamilton/Avnet 
15313 West 95th St. 
Lenexa 66219 

(913) 541-7921 
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Schweber Electronics 
10300 W. 103rd Street 
Suite 200 

Overland Park 662 14 
(913) 492-2922 


Kentucky 


Hamilton Avnet 

805 A Newton Circle 
Lexington 40511 
(606) 259-1475 


Maryland 

Hall-Mark Electronics st 
10240 Old Columbia Road. 
Columbia 21046 

(301) 988-9800 


Hamilton/Avnet 
6822 Oak Hall Lane 
Columbia 21045 
(301) 995-3522 


Schweber Electronics 

9800 J Patuxent Woods Drive 
Columbia 21046 

(301) 596-7800 


Massachusetts 


Hall-Mark Electronics 
6 Cook Street 
Billerica 01821 

(617) 935-9777 


Hamilton/Avnet 

10D Centennial Drive 
Peabody 01960 

_ (508) 532-3701 


Schweber Electronics 
301 Ballardvale St. 
Wilmington 01887 
(508) 694-9100 


Michigan 

Hall-Mark Electronics 
38027 Schoolcraft Road 
Livonia 48150 - 
(313) 462-1205 


Hamilton/Avnet 
2876 28th St. S.W. 
Suite 5 

Grandville 49418 
(616) 531-0345 


Hamilton/Avnet 

41650 Gardenbrook, Suite 100 
Novi 48375 

(313) 347-4271 


Schweber Electronics | 

31478 Industrial Road, Suite 3 
Livonia 48150 

(313) 525-8100 


Minnesota 


Hall-Mark Electronics 
10300 Valley View Road 
Suite 101 

Eden Prairie 55344 
(612) 941-2600 


Hamilton/Avnet 

12400 Whitewater Road 
Minnetonka 55343 
(612) 932-0600 — 


Schweber Electronics 
10100 Viking Dr. 
Suite 100 

Eden Prairie 55344 
(612) 941-5280 


(Detroit) . 


Missouri 


Hall-Mark Electronics 
3783 Rider Trail So. 
Earth City 63045. 


(314) aor 5350 


Hamilton/Avnet 
741 Goddard 
Chestfield 63017 
(314) 537-1600 


Schweber Electronics 
502 Earth City Expwy. 
Suite 203 

Earth City 63045 
(314) 739-0526 


New Jersey 


Hall-Mark Electronics 
200 Lanidex Center 
2nd FI. 

Parsippany 07054 
(201) 515-3000 


Hall-Mark Electronics 

11000 Midlantic Drive, Suite 5 
Mt. Laurel 08054 

(609) 235-1900 


Hamilton/Avnet 

1 Keystone Avenue, Bldg. 36 
Cherry Hill 08003 

(609) 424-0118 


Hamilton/Avnet 
10 Industrial Road 
Fairfield 07006 
(201) 575-3390 


Schweber Electronics 
43 Route 46 East 
Pine Brook 07058 
(201) 227-7880 


Schweber Electronics 
1000 Briggs Rd. 
Suite 200 

Mt. Laurel 08054 
(609) 273-7900 


New Mexico 


Hamilton/Avnet 

5659 Jefferson St. N.E., Suite A 
Albuquerque 87109 

(505) 345-0001 


New York 


Hall-Mark Electronics 
6605 Pittsford-Palmyra Rd. 
Suite E8 
Fairport 14450 
(716) 425-3300 


(Rochester) 


Hall-Mark Electronics 
3075 Veterans Memorial Hwy. 
(516) 737-0600 (Long Island) 


Hamilton/Avnet 

933 Motor Park Way 
Hauppauge 11788 
(516) 434-7421 . 


Hamilton/Avnet 

2060 Town Line Road 
Rochester 14623 
(716) 272-2729 


Hamilton/Avnet 

103 Twin Oaks Drive 
Syracuse 13208 
(315) 434-2438 


Hamilton/Avnet. 

1065 Old Country Road 
Suite 211A 

Westbury 11590 

(516) 997-6868 


Schweber Electronics — 
120:Commerce Drive. 
Hauppauge 11788 
(516) 231-2500 


Schweber Electronics . 
1160 m Pittsford-Victor Road 
Pittsford 14534 

(716) 383-8020 


Schweber Electronics (Corp) 
P.O. Box 1032 


- Jericho Turnpike 


Westbury 11590-0212 
(516) 876-4000 


North Carolina — 


Hall-Mark Electronics 
5234 Green’s Dairy Road 
Raleigh 27604 

(919) 872-0712 


Hamilton/Avnet 

3510 Spring Forest Road 
Raleigh 27604 

(919) 878-0810 


Schweber Electronics 

1 North Commerce Center 
5285 North Boulevard 
Raleigh 27604 

(919) 876-0000 


Ohio 


Hall-Mark Electronics 
5821 Harper Road 
Solon 44139 

(216) 349-4632 


(Cleveland) 


Hall-Mark Electronics 

400 E. Wilson Bridge Rd. 

Suite S 

Worthington 43085 (Columbus) 
(614) 888-3313 


Hamilton/Avnet 
954 Senate Drive 
Dayton 45459 
(513) 439-6700 


Hamilton/Avnet 

30325 Bainbridge Road, Bldg. A 
Solon 44139 (Cleveland) 
(216) 349-4910 


Hamilton/Avnet 

2600 Corporate eachanne Dr. 
Suite 180 

Columbus 43231 

(614) 882-7389 


Schweber Electronics 

23880 Commerce Park Road 
Beachwood 44122 (Cleveland) 
(216) 464-2970 


Schweber Electronics 
7333 Paragon Road 
Suite 170 

Dayton 45459 

(513) 439-1800 


Oklahoma 


Hall-Mark Electronics 
5411S. 125th East Ave. 
Suite 305 

Tulsa 74146 

(918) 254-6110 


Hamilton/Avnet 
12121 E. 51st Street 
Suite 102A 

Tulsa 74146 

(918) 252-7297 


Schweber Electronics 
4150 S. 100th East Ave. 
Tulsa 74146 


(918) 622-8000 


Oregon 


Almac Electronics 
1885 N.W. 169th Place 
Beaverton 97006 

(503) 629-8090 


Hamilton/Avnet 
9409 SW Nimbus 
(Lake Oswego area) 
Beaverton, 97003 
(503) 526-6202 


Pennsylvania 


Hamilton/Avnet 
213 Executive Dr. 
Mars 16046 

(412) 772-1881 


Schweber Electronics _ 
1000 R.I.D.C. Plaza 
Suite 203 

Pittsburgh 15238 

(412) 963-6807 


Puerto Rico 


Hamilton/Avnet Electronics 

C/O Oriental Federal Savings Bank 
Avenida Las Cumbras Y 

Emiliano Pol 

Rio Piedras, P.R. 00926 

(809) 731- 1110 


Texas 


Hall-Mark Electronics 
12211 Technology Blvd. 
Austin 78727 

(512) 258-8848 


Hall-Mark Electronics (Corp.) 
11333 Pagemill Drive 

Dallas 75243 

(214) 343-5000 


Hall-Mark Electronics 
11420 Pagemill Road 
Dallas 75243 

(214) 553-4300 


Hall-Mark Electronics 
8000 Westglen 
Houston 77063 
(713) 781-6100 


Hamilton/Avnet 
1807A West Braker Lane 
Austin 78758 

(512) 837-8911 


Hamilton/Avnet 
4004 Belt Line Road, Suite 200 
Dallas 75244 


(214) 308-8111 


Hamilton/Avnet — 
4850 Wright Road 
Stafford 77477 
(713) 240-7733 


Schweber Electronics 
11500 Metrics Blvd. 
Suite 410 

Austin 78758 

(512) 339-0088 


Schweber Electronics 
15167 Business Ave. 
Dallas 75244 

(214) 247-6300 


Schweber Electronics 
10625 Richmond Avenue 
Suite 100 

Houston 77042 

(713) 784-3600 


Utah 


Hamilton/Avnet 

1585 West 2100 South 
Salt Lake City 84119 
(801) 972-4300 


International 


Australia 


VSI Electronics Pty. Ltd. 
16 Dickson Avenue 
Artarmon, N.S.W. 2064 
(61) 2 439 4655 


VSI Electronics Pty. Ltd. 
Suite 9, Argyle Street 

Cnr. Sandgde Road, Argyle St. 
Breakfast Creek 

QLD 4010 

(61) 7 2625200 


VSI Electronics Pty. Ltd. 
Unit 1 

25 Brisbane Street 

East Perth, W.A. 6000 
(61) 9 328 8499 


VSI Electronics Pty. Ltd. 
6/417 Ferntree Gully Road 
Mt. Waverley 

Melbourne, Victoria 3149 
(61) 3 543 6445 


VSI Electronics Pty. Ltd. 
Office 4 

116 Melbourne Street 
North Adelaide 

South Australia 5006 
(61) 8 267 4333 


Austria 


EBV Elektronik 
Diefenbachgasse 35/6 
1150 Wien 

Tel: (0222) 894 17 74 


Transistor V.m.b.H. & Co KG 
Auhofstr. 41A 

1130 Wien 

Tel: (0222) 82 94 51 


Belgium 
Lemaire/Rodelco SA 
Limburg Stirum 243 
1810 Wemmel 

Tel: (02) 460 02 71 


EBV Electronik 
Excelsiorlaan 35 
Avenue Excelsior 35 
1930 Zaventem 

Tel: (02) 720 99 36 


Canada 


Hamilton/Avnet Electronics Ltd. 


2550 Boundary Road 
Burnaby, BC V5M 3Z3 
(604) 437-6667 


Washington 

Almac Electronics 

14360 S.E. Eastgate Way 
Bellevue 98007-6458 
(206) 643-9992 


Almac Electronics 

East 10905 Montgomery 
Spokane 99206 

(409) 924-9500 


Hamilton/Avnet Electronics Ltd. 


2816 21st Street NE 
Calgary, Alberta T2E 622 
(403) 250-9380 


Hamilton/Avnet Electronics Ltd. 


6845 Rexwood Drive 

Units 3-5 

Mississauga, Ontario L4V 1R2 
(416) 677-7432 


Hamilton/Avnet Electronics Ltd. 


190 Colonnade Road 
Nepean, Ontario K7E 7J5 
(613) 226-1700 


Hamilton/Avnet Electronics Ltd. 


2795 Rue Halpern 
St. Laurent, Quebec H4S 1P8 
(514) 335-1000 


Hi-Tech Sales Limited (REP) 
8523 132nd Street 

Surrey, BC V3W 4N8 

(604) 596-1886 


Hi-Tech Sales Limited (REP) 
#17-360 Keewatin Street 
Winnipeg, Manitoba R2X 2Y3 
(204) 694-0000 


Zentronics, Ltd. 

1355 Meyerside 
Mississauga, Ontario 
L5T 1C9 

(416) 564-9600 


Zentronics, Ltd. 

6815 - 8th Street N.E. 
Suite 100 

Calgary, Alberta T2E 7H7 
(403) 295-8714 


Zentronics, Ltd. 

155 Colonnade Road 
Units 17-18 

Nepean, Ontario K2E 7K1 
(613) 226-8840 


Zentronics, Ltd. 

108 - 1140 Bridgeport Road 
Richmond, BC V6X 1T2 
(604) 273-5575 


Zentronics, Ltd. 

817 McCaffrey Street 

St. Laurent, Quebec H4T 1N3 
(514) 737-9700 


Zentronics, Ltd. 

60-1313 Border Street 
Winnipeg, Manitoba R3H 0X4 
(204) 775-8661 


Hamilton/Avnet 
Redmond Science Park 
Building C 

17761 N.E. 78th Place 
Redmond 98052 

(206) 867-0140 


Wisconsin 

Hall-Mark Electronics 
16255 West Lincoln Ave. 
New Berlin 53151 

(414) 797-7844 


Denmark 


Interelko A/S 
Silovej 38 

2690 Karislunde 
Tel: (053) 140 700 


Finland 


Field OY 
Niittylanpolku 10 
00620 Helsinki 
Tel: (0) 757 10 11 


France 


Almex 

Zone industrielle d’Antony 
48, rue de l’Aubepine 
92160 Antony cedex 

Tel: (1) 46 66 21 12 


Feutrier 

62, rue des Gemeaux 
Silic 580 

94653 Rungis Cedex 
Tel: (1) 49 78 48 48 


S.C.A.I.B. S.A. 

80, rue d’Arcueil 
Silic 137 

94523 Rungis Cedex 
Tel: (1) 46 87 23 13 


Jermyn/Generim 
73-79 rue des Solets 
Silic 585 

94663 Rungis Cedex 
Tel: (1) 49 78 49 00 


Germany 


Ing. Buero K.-H. Dreyer 
Flensburger Str. 3 

2380 Schleswig 

Tel: (04621) 240 55 


EBV-Elektronik GmbH 
Hans-Pinsel-Str. 4 
8013 Haar bei Munchen 
Tel: (089) 611 05 10 


Jermyn GmbH 
Im Dachsstuck 9 
6250 Limburg 4 
Tel: (06431) 508-0 


Sasco GmbH 
Hermann-Oberth-Str. 16 
8011 Putzbrunn bei Munchen 
Tel: (089) 46 11-0 


Farnell 

Electronic Components 
Grunwalder Weg 30 
8024 Deisenhofen 

Tel: (089) 613 03 01 
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Hamilton/Avnet 

20875 Crossroads Circle | 
Suite 400 

Waukesha 53186 

(414) 784-4511 


Schweber Electronics 
3050 South Calhoun 
New Berlin 53151 
(414) 784-9451 


Greece 


Micronics Ltd. 

46, Kritis Street 

16451 Argyroupolis/Athens 
Tel: (01) 995 18 15 


Hong Kong 


CET Ltd. (REP) 

22/F Chuang’s Finance Centre 
81-85, Lockhart Road 
Wanchai, Hong Kong 

(852) 5 200922 


India 


Blue Star Ltd. (REP) 
11A, Magarath Road 
Bangalore 560025 
(91) 812 575668 


Blue Star Ltd. (REP) 
Sahas 

414/2 Veer Savarkar Marg 
Prabhadevi 

Bombay 400025 

(91) 22 430 6155 


Blue Star Ltd. (REP) 
13 Community Centre 
New Friends Colony 
New Delhi 110065 
(91) 11-683-9262 


Blue Star Ltd. (REP) 
2-2-47/1108 Bolarum Road 
Secunderabad 500003 

(91) 842-72057 


Israel 


Computation & Measurement 
Systems (Ltd.) 

11, Hashlosha Street 

P.O. Box 25089 

Tel-Aviv 67060 

Tel: (03) 58 80 301 


Telsys Ltd. 

Atidim, Industrial Park, Bldg. 3 
Dvora Hanevia Street, Neve Sharet 
61431 Tel-Aviv 

Tel: (03) 49 20 01 


Italy 


Celdis Italiana S.P.A. 

Via Fratelli Gracchi, 36 
20092 Cinisello Balsamo (Mi) 
Tel: (02) 61 83 91 
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Japan 

Ryoyo Electro.Corporation 
Konwa Bldg. 

10-12-22, Tsukiji 
Chuo-ku, Tokyo 104 © 
(81) 3-546-5011 


Ryoyo Electro Corporation 
Nisshin Shokuhin Bldg. 
4-1-1, Nishi-Nagajima 
Yodogawa-ku, Osaka 532 
(81) 6-302-5371 


Ryoyo Electro Corporation 
Daisan Nippon Office Bldg. 
2-3-20, Ichiban-cho, 
Sendai-shi, Miyagi 980 
(81) 22-266-3800 


Ryoyo Electro Corporation 
Nagoya AT Bldg. 

1-18-22, Nishiki, Naka-ku, 
Nagoya-shi, Aichi 460 

(81) 52-203-0277 


Ryoyo Electro Corporation 
Shin-Kyoto Center Bldg. 
614, Higashi Shiokouji, 
Shimokyou-ku 

Kyoto-shi, Kyoto 600 

(81) 75-371-5751 


Ryoyo Electro Corporation 
Chiyodaseimei Nara Bldg. 
10-1, Kouten-cho, 
Nara-shi, Nara 630 

(81) 742-22-0077 . 


Ryoyo Electro Corporation 
Fukuoka MID Bldg. 
1-9-3, Hakata Ekimae, Hakata-ku, 
Fukuoka-shi, Fukuoka 812 

(81) 92-474-4311 


Tokyo Electron Limited 
2-30-7, Sumiyoshi-cho 
Fuchu-shi, Tokyo 183 
(81) 423-33-8404 


Tokyo Electron Limited 
Sumitomoseimei Shin-Osaka Bldg. 
4-1-14, Miyahara, Yodogawa-ku, 
Osaka-shi, Osaka 532 

(81) 6-339- 0263 


Tokyo Electron Limited 
Nagoya Fukutoku Bldg. 
3-23-13, Meieki, Nakamura-ku, 
Nagoya-shi, Aichi 450 

(81) 52-562-0825 


Authorized Distributors for Microwave Test Accessories (MTA) 


France 


ELEXIENCE 

9, rue des Petits-Ruisseaux 

F- 91370 VERRIERE LE BUISSON 
Tel: 1/60 11 94 710 


Tokyo Electron Limited - 
Hakata-Ekimae Daiichiseimei Bldg. 
1-4-1, Hakata-Ekimae, Hakata-ku, 
Fukuoka-shi, Fukuoka 812 
(81) 92-474-4121 


Tokyo Electron Limited 
TEL Bldg. 
1 chome, Higashikatamachi, Midori- 


u, . 
Yokohama-shi, Kanagawa 226 
(81) 45-471-8811 


Korea 


Panwest Co., Ltd. (REP) 

2nd Floor, Jeil Life Insurance 
New Building 

1303-16 Seocho-Dong 
Seocho-ku, Seoul 

(82) 2-5520341 


Malaysia 

DCP (M) SDN BHD 
402, Wisma Explanade 
43 Green Hall 

10200 Penang 

(60) 4-377269 


Netherlands 


Diode Nederland 
Meidoornkade 22 
3992 AE Houten | 
Tel: (03403) 912 34 


EBV Elektronik 
Planetenbaan 2 

3606 AK Maarssenbroek 
Tel: (03465) 623 53 


New Zealand 


VSI Electronics (NZ) Ltd. 
7 Beasley Ave. 

Penrose 

Auckland 

(64) 9 596-603 


VSI Electronics (NZ) Ltd. 
295 Cashel Street 
Christchurch 

(64) 3 660-928 


VSI Electronics (NZ) Ltd. 
Flanders Arcade 

71 High Street 

Lower Hutt 

(64) 4 694-560 


Norway 

OTE Komponent 
Stromsveien 323 : 
P.O. Box 200 
Leirdal 

1011 Oslo 10 

Tel: (02) 30 66 00 


Germany 


PARZICH G.m.b.H. 
Karwendel Strasse 8 
D-8911 PUERGEN 
Tel: 08196/70 21 
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Portugal 


Diode Portugal 
Rua Castilho, 39 
11,G 

1200 Lisboa 

Tel: (01) 57 13 90 


Singapore . 

Dynamar Computer Products 
PTE Ltd. (REP) 

109 Defu Lane 10 

Off Hougang Avenue 3 
Singapore 1953 

(65) 2813388 


So. Africa 


Advanced Semiconductor Devices 
(Pty) Ltd. 

P.O. Box 2944 | 

Johannesburg 2000, S.A. 

(011) 8 02 52 50 


Spain 

Diode Espana 
Calle Orense 34 
1A Planta 

28020 Madrid 

Tel: (01) 555 36 86 


Sweden 


ITT Multikomponent AB 
Ankdammsgatan 32 
Box 1330 

171 26 Solna | 

Tel: (08) 83 00 20 


Traco AB 
Vinthundsvagen 157 
Box 103 

123 22 Farsta 

Tel: (08) 93 00 00 


Switzerland 


Fabrimex AG 
Kirchenweg 5 
8032 Zurich 

Tel: (01) 386 86 86 


Basix fur Elektronik AG 
Hardturmstr. 181 
Postfach 

8010 Zurich 

Tel: (01) 276 11 11 


Taiwan (Republic of China) 
Morrihan International Inc. 
No. 57, 8th Floor 

Yang Shen Shan Yet Building 
337 Fu Hsing North Road 
Taipei, Taiwan 

(886) 2 7522200 


United Kingdom 

ANGLIA MICROWAVE ~_. 
Radford Way Business Centre 
Radford Way 
UK-BILLERICAY (Essex) CM12 
OBZ . 

Tel: 0044 277 63 00 00 


Turkey 

Empa 

Elektronik Mamulleri 
Pazarlama A.S. 

Florya is Merkezi 
Besyol Londra Asfalt 1 
34630 Florya- Istanbul 
Tel: (901) 580 65 61 


United Kingdom 
Jermyn Distribution, 
Vestry Estate, 
Sevenoaks, 

Kent. 

TN14 5EU 
(0732-450144) 


Celdis Limited, 

37/39 Loverock Road, 
Reading, 

Berkshire. 

RG3 1ED 
(0734-585171) 


S.T.C. Electronic Services, 
Edinburgh Way, — 
Harlow, 

Essex. 

CM20 2DF 

(0279-441144) 


Macro Marketing Limited, 
Burnham Lane, ~ 

Slough, 

Berkshire. 

SL1 6LN 

(0628-604422) 


Farnell Electronic Components 
Limited, 

Canal Road, 

Leeds. 

LS12 2TU 

(0532-636311) 


Anglia Microwave, 

Radford Way Business Centre, 
Radford Way, 

Billericay, 

Essex. 

CM12 OBZ 

(0277-630000) 


Yugoslavia 


Elektrotehna 

DoJunel, TOZD ELZAS © 
Poljanska 25 

61000 Ljubljana _ 
Tel: (061) 318 663 


U.S. Sales Listing 


Alabama 

620 Discovery Dr. 
Huntsville 35806 
Tel: 205-830-2000 


Arizona 

8080 Pointe Parkway West 
Phoenix 85044 

Tel: 602-273-8000 


3400 E. Britannia Dr. 
Bldg. C, Suite 124 
Tucson 85706 

Tel: 602-573-7400 


California 

26701 West Agoura Rd. 
Calabasas 91302 

Tel: 818-880-3400 


1421 So. Manhattan Ave. 
Fullerton 92631 
Tel: 714-999-6700 


5651 W. Manchester Ave. 
Los Angeles 90045 
Tel: 213-337-8000 


9606 Aero Dr. 
San Diego 92123 
Tel: 619-279-3200 


3003 Scott Blvd. 
Santa Clara 95054 
Tel: 408-988-7000 — 


4244 So. Market Court, 
Suite A 

Sacramento 95834 

Tel: 916-929-7222 


Colorado 

24 Inverness Place East 
Englewood 80112 

Tel: 303-649-5000 


Connecticut 

3 Parklands Dr. 
Darien 06820 
Tel: 203-656-0040 


115 Glastonbury Blvd. 
Glastonbury 06033 
Tel: 203-633-8100 


Florida 

5900 N. Andrews Ave. 
Ft. Lauderdale 33309 
Tel: 305-938-9800 


6177 Lake Ellenor Dr. 
Orlando 32809 
Tel: 407-859-2900 


5550 W. Idlewild Ave., 
Suite 150 

Tampa 33634 

Tel: 813-884-3282 


Georgia 

1995 North Park Place 
Atlanta 30339 

Tel: 404-955-1500 


Dlinois 

5201 Tollview Dr. 
Rolling Meadows 60008 
Tel: 708-255-9800 


Indiana 

11911 N. Meridian St. 
Carmel 46032 

Tel: 317-844-4100 
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Maryland 

3701 Koppers St. 
Baltimore 21227 
Tel: 301-644-5800 


Massachusetts 
1775 Minuteman Rd. 
Andover 01810 

Tel: 508-682-1500 


Michigan 

39550 Orchard Hill Place 
Novi 48050 

Tel: 313-349-9200 


Minnesota 

2025 W. Larpenteur Ave. 
St. Paul 55113 

Tel: 612-644-1100 


Missouri 

6601 Winchester Ave. 
Kansas City 64133 
Tel: 816-737-0071 


New Jersey 

W. 120 Century Rd. 
Paramus 07652 
Tel: 201-599-5000 


New Mexico 

7801 Jefferson St. N.E. 
Albuquerque 87184 
Tel: 505-823-6100 


New York 

200 Cross Keys Office Park 
Fairport 14450 

Tel: 716-223-9950 


7 Old Sod Farm Rd. 
Melville 11747 
Tel: 516-753-0555 


North Carolina 
305 Gregson Dr. 
Cary 27511 

Tel: 919-467-6600 


Ohio 

7887 Washington Village 
Dayton 45459 

Tel: 513-433-2223 


15885 Sprague Rd. 
Strongsville 44136 
Tel: 216-243-7300 


Oregon 

9255 S.W. Pioneer Court 
Wilsonville 97070 

Tel: 503-682-8000 


Pennsylvania 
2750 Monroe Blvd. 
Valley Forge 19482 
Tel: 215-666-9000 


Texas 

9050 Capital of Texas Hwy. 
North 

Austin 78759 

Tel: 512-346-3855 


930 E. Campbell Rd. 
Richardson 75081 
Tel: 214-231-6101 


Washington 
15815 S.E. 37th St. 
Bellevue 98006 
Tel: 206-643-4000 
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Hewlett-Packard Components 
International Sales Offices 


Austria and Eastern Region 
Hewlett-Packard 

Lieblgasse 1 . 

P.O. Box 72 

A-1222 Vienna 

Tel: 43/2 22/25 00 266 


Belgium/Luxembourg 
Hewlett-Packard 

Boulevard de la Woluwe 100 
Woluwedal 

B-1200 Brussels — 

Tel: 32/2/7 61 31 11 


Denmark/Norway 
Hewlett-Packard A/S 
Kongevejen 25 | 
DK-3460 Birkerod 
Tel: 45/42/81 66 40 


FarEast 
Hewlett-Packard | 
Singapore (Sales) Pte Ltd. 
150 Beach Road #29-00 
Gateway West 

Singapore 0718 

Tel: (65) 291 9088 


Finland 
Hewlett-Packard oy 
Piispankalliontie 17 © 
SF-02200 Espoo 
Tel: 358/0/8 87 21 


France 
Hewlett-Packard 

Z.1. de Courtaboeuf 

1, Av du Canada 
F-91947 Les Ulis Cedex 
Tel: 33/1/69 82 60 60 


Japan | 


Yokogawa-Hewlett-Packard Ltd. 


29-21 Takaido-Higashi | 
3-Chome 

Suginami-Ku, Tokyo 168 
Tel: 81/3/335 8153 


Netherlands 
Hewlett-Packard B.V. 
Boschdijk 131 

NL-5612 HB Eindhoven 


- Tel: 31/40/32 42 11 


Sweden — 
Hewlett-Packard A B 
Skalholtsgatan 9, Kista 
Box 19 

S-164 93 Kista 


Tel: 46/8/7 50 20 00 


Switzerland/South Africa 
Hewlett-Packard 


_Allmend 2 


CH-8967 Widen 


‘Tel: 41/57/31 21 11 


9-8 


~ Greece/Turkey 


Hewlett-Packard SA 
P.O. Box 150 

Route du Nant-d'Avril 
CH-1217 Meyrin 2 


_ Tel: 41/22/780 81 11 


United Kingdom/ 
Ireland 
Hewlett-Packard Limited 
Cain Road, 

Bracknell, 

Berkshire. 

RG12 1HN = 
United Kingdom. — 

Tel: 0344-360000 


Israel 

Computation & Meagivenient. 
Systems Ltd. 

11 Hashlosha Street 

P.O. Box 25089 > 
IL-Tel-Aviv 67060 © 

Tel: 9 72/3/53 80-301 


Italy 


- Hewlett-Packard. Italiana S. p.A. 
_ Via G. di Vittorio, 9. | 


1-20063 Cernusco S/N, | 


~ Milano 


Tel: 39/2/92 1991 | 


- West Germany 


Hewlett-Packard GmbH 
Hewlett-Packard-Strasse 
D-6380 Bad Homburg 
Tel: 49/6172/16-0 


HEWLETT 
PACKARD 
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